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LETTER OF TRANSMITTAL. 



U. S. Department of Agriculture, 

Washington^ J). C, September 26^ 1894. 

Sir : I have the honor to trausinit herewith, as No. 8 of North Ameri- 
can Fauna, a Monographic Revision of the Family Oeomyida;, exchisive 
of the species of Thomomys. 

In preparing a bulletin on the economic relations of the Pocket 
Gophers it became necessary to determine the status and geographic 
distribution of the various forms. This study developed the ftict that 
the group was sorely in need of technical revision. The present pax)er 
is the outgrowth of an attempt at such a revision. It has grown so far 
beyond the limits originally intended that a large genus ( Thomomys) has 
been of necessity omitted and will form the subject of a subsequent 
paper. 

The results of the economic study of the group will appear as a sepa- 
rate bulletin prepared by my assistant, Mr. Vernon Bailey, 
liespectfully, 

C. TlART Mebriam, 

Chief of Division of 
Ornithology and Mammalogy, 

Hon. Chas. W. Dabney, Jr., 

Acting Secretary of Agriculture, 
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REVISION OF THE POCKET GOPHERS, FAMILY GEOMYIDil, EXCLUSIVE 

OF THE SPECfES OF THOMOMYS. 



By Dr. C. Hart Merriam. 



INTROPUCTION. 

The present paper is based on a study of the rich collection of Pocket 
Gophers belonging to the U. S. Department of Agriculture, comprising 
upwards of 800 specimens, exclusive of the genus Thomomys. This 
material has been supplemented by 110 specimens from my private col- 
lection, and a number from the U. S. National Museum,* making a total 
of about a thousand specimens, among which are by far the greater num- 
ber of actual types known to be extant. The Department collection 
contains no less than 200 specimens from Mexico, most of which were 
secured by Mr. E. W. Nelson, a field naturalist of the Division. These, 
together with a few highly interesting specimens from Costa Rica and 
Guatemala in the U. S. National Museum, have enabled me not only 
to bring together for actual comparison all of the species previously 
described, and to add a considerable number heretofore unknown, but 
also to recognize several marked generic types whose existence had 
not been suspected. 

Critical study of this unparalleled wealth of material has led to the 
discovery of some very remarkable dental peculiarities that have been 
deemed worthy of detailed description and illustration^ Moreover, the 
opportunity has been utilised to contribute a chapter on the morphol- 
ogy of the skull, which it is hoped will prove of service to those inter- 
ested in the craniology of the Rodentia. 

It is a matter of deep regret that the magnificent series of specimens 
of living forms on which the present paper is based, has not been sup- 
plemented by a single fossil ; and it is earnestly hoped that an oppor- 
tunity may yet be found to study the remains of the extinct animals 
that have been referred to the family — correctly or otherwise — in com- 
parison with the rich collection of living types now in our National 
Museum. If the theory is correct, that the group has attained its 
greatest expansion in the present age, we need not look to the rocks 



*' Placed at my disposal by the courtesy of Mr. F. W. Trne, Curator of Mammals. 
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for additional liigbly diversified types, but only for the links that bind 
the several phyla together and connect them with the more primitive 
forms from which they came. Tlicse would be of the utmost interest. 

The author is indebted to Mr. F. W. True, Curator of Mammals in 
the U. S. National Museum, for the privilege of des(Tibing two species 
from Central America; to Dr. J. A. Allen, of the American Museum 
of Natural History, New York, for the privilege of examining the type 
of his GeomyH cherriei; and to Mr. II. P. Attwater, of San Antonio, 
Texas, for the loan of a large series of the subsi)ecies here described 
as Geomys brericeps afticateri. The author is under special obligations 
to Mr. Oldfield Thomas, <'urator of Mammals in the British Museum, 
and to Dr. Paul Matschie, of the Koyal Museum of Natural History in 
Berlin. Mr. Thomas has kindly compared specimens sent him for that 
purpose with his own types in the British Museum, find has also con- 
tributed measurements and other details of importance. Dr. Matschie 
has been good enough to remeasure the original types of Peters' 
Oeomys heterodus and Lichtenstein's Geomys vuwicanus, which speci- 
mens are still extant in the Berlin JMuseum, and has further taken the 
trouble to prepare and send me a table of cranial measurements of the 
skulls of these same types, with much other information of importance 
respecting them. And Dr. F. A. Jentink, the able director of the 
Leiden Museum, has done me the favor to send additional i)articulars 
about the Bullock specimen of Geomys bursarins^ still extant in the 
Leiden Museum, which specimen has given rise to much controver83' 
and is supposed to be Shaw's original type of the species. 

From time to time during the preparation of the work, collectors 
have been sent to special localities fr3m which new or supplemental 
material was desired, thus making it possible to settle many points that 
were originally in doubt. Much has been learned respecting the habits 
and mode of life of the animals from a living Geomys lutescens sent from 
Vernon, Texas, by my field assistant, Mr. J. Alden Loring. This animal 
was kept in confinement until sufficiently tame to permit handling freely 
and was the means of the discovery of a surprisingly large number of 
interesting fiicts that otherwise would have escaped detection. 

Respecting the illustrations, the frontispiece was drawn by ^Ir. G. B, 
Hudson; plate 1 by Mr. Benjamin Mortimer; text figures 1 and 2 by 
Dr. George Marx; figures 5, 19, G3, 05, and 60 by Dr. James E. McCon- 
nell; and all of the outline camera lucida drawings of teeth by myself. 
Plates 2 to 19, inclusive, and all of the remaining text figures were drawn 
under my constant supervision by ^Ir. F. Miiller. All of the twenty 
full-page plates have been reproduced by photolithography by Mr. Ber- 
thold Meisel, of Boston, and the text figures, with two or three excep- 
tions, have been electrotyped from the oiiginals by Mr. Harry C. Jones, 
of New York. 

It will be observed that the generic names engraved on most of the 
plates (pis. 2-(), 8, and 10-10) do not agree with the generic names in the 
text. This misfortune is the result of having the plates printed before 
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the genera were finally segregated. The correct names are given in all 
cases on the explanations fa<;ing the ])late8. 

The literature relating to the group is rarely referred to in the present 
paper, except for original descriptions. Tlie reason is that previous 
papers have been based on insutticient material. To use them at all 
wouhl necessitate a large amount of explanation and criticism without 
corresponding advantage. 

All the measurements in the present paper are in millimeters. 



GENERAL REMARKS. 

Tbe family Oeomy'uim, coinprisiiig the inamnmls commonly known as 
Pocket (iopliera, is coufluoti to North America, where it ranges firom 
the plains of the Saskatchewan in Can- 
ada Rontliward to Costa Kica. It attains 
its highest development in the western 
United States and Mexico, and does not 
inhabit the region eastof the Mississippi 
Valley except in the CJuIf States, where 
it reaches the Atlantic ^'oast in Florida 
and Georgia, bnt docs not occur uoi-tb 
of the Savannah River. 

The appearance of a characteristic 
BpeciCB is well sliown in the frontispiece, 
and the i)eculiar asjiect of the face in the 
nccompauying cut (figs. 1 and 2), which 
Bhows the openings of thecheek poiicUeu, 
Trholly ont.iidc of the mouth, and also 
the pattern of the upi)er incisor teeth in 
two of the commonest genera, Qeomys 
and Tlwmomya. 

All the members of the family 8i>end 
their entire lives underground, and their 
whole organisation is rnoditied in accord- 
ance with the needs of a subterranean 
eststen<;e. The sireciejj, tliough numer- 
ous, are very much iUike externally. They are short -legged, thickset 
animals, without an appreciable neck, withont noticeable external 
ears, and with very small eyes. The feet are largely develo[)ed for 
digging. The foi-e paws in particular are very strong, are armed 
with long curved cHaws,* and the sides of the t^ies arc lined with 
rows of bristles that evidently serve in preventing the dirt ft-om 

■Tlie relnlive dBVBl(ij)ment of tUo olawH in largely a iiintt^'r «f Qt;c nuil soil. Tbey 
continue 1o iucroiise iusiru Ilinitit;liont the lifu of tlie iiuliviiliml; tlieir imiiilNnre 
worn ofr ill hnni noil an tlint the cluwa beniiiii; tliirk nnil l>liiiit. In Hundy Hoil tliey 
d* not meet ciioiiKh ruaistanno to )irodii<;« th<; '^"'^l wKJir, a|iil, (.■(iiiHei]iieiitiy, lire 
IgOger sncl morn BleniJor than Doriniil, 
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passing between tbo fiiigcrH (tig. 3), thus coniitletiiig a more effective 
fti-raiigeiiietit lor keeping the tunnels cleiin, and for jiushiug tbe enrtb 
out of the openings in the burrowa. Tbe tail, wbicb is of moderate 
length, is tliitk, fleshy, and usually devoid of hair, and ia endowed 
wiCIi tactile sensibility. 

The Pocket Gophers, in working their way 
through the earth in the construction of their tun- 
nels, use the powerful upper incisors as a pick to 
loosen the ground. At the same time the fore feet 
arc kept in iictive operation, both in digging and in 
pressing the earth back under tbe body, and the hind 
feet are used also in inoviug it still further backward. 
When a sufficient quantity has accumulated behind 
tbe animal, he immediately turns in tlic burrow and 
by bringing the wrists together under the chin, 
with the palni.s of the hands held vertically, forces 
himself along by the hind feet, pushing the earth out 
in fnmt. When an opening in the tunnel is reached 
the earth is discharged through it, forming a little 
hillock that resembles in a general way the hills 
Flo 3.— LonruTcroaiof thrown up by moles. In niiiny species there is a 
uia'tw'^^o'f''.*i»i'irt "'i't*J'l callosity or ■ niisal psul' over tbe anterior half 
whitii frmii bniHiiw iiii of tlic iio.se, wliN'li uiust b<' of great assistance in 
n,i).t.i.!.i.f uiBio..-. the i-ouMtruclion of the tunnels. When this callos- 

ity is largely developed the nasal bones underneath are highly arched or 
inflated, lis in Het^roffcomys liiHpufvu. 

PROliliESSKIN IIAOKWARO AH WELL AS FORWARD, 

The GeoMj/x Ititescenn already mentioned from Vernon, Texas, wbicli I 
kept alive for several months, surprised me very niucli by runniugback- 
ward as rapidly and easily as forward. This metliod of progression was 
l>articiiliii'ly noticeable when the auinial was in his own quarters where 
he couhl follow a runway or an accustomwl route. When carrying 
food to one of his ston-houses he rarely turned aninnd, but usually ran 
backward to the place of deposit, returning for more, and repeating the 
oi>eration again and again, the to and fro movement suggesting a shat- 
tle on its track. The well-known peculiarity of the external genitalia, 
which are so hidden and modified that the sexes are determined with 
ditticulty, is doubtless the result of this liabit, protecting the parts 
from iujury when the animal is moving biw-kward. 

TlIK TAIL AM ORCAN OF TOUCC. 

Thi-ougboiit the family (li-omyitlw the tail is rather large and fleshy, 
and i\s a rule is nake<l or scantily haired ; * it varies iu length in the 



naked iti most ul' theHoiitbsrii 
rtberu upovica. T1i« Itttt^r 1"V^ 
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various species from about 65 to 115 mm. The function of this pecu- 
liar appendage had long puzzled me, but by watching the live Oeomys 
above mentioned as it ran backward in its runways I saw that it was 
used as an organ of touch. It is doubtless endowed with special tactile 
sensibility and is evidently of great value in warning the animals of 
the presence of an enemy in the rear when they are traveling backward 
in their dark tunnels. So far as I am aware this is the only instance in 
which the tail of a mammal is used for this purpose. 

POSITION OF THE FOEE FEET. 

In walking on soft ground the fore feet are usually held in the nor- 
mal position, with the soles down, or inclined sUghtly inward. In 
walking on hard ground, however, the fore feet are turned sideways, 
their soles facing one another, so that the claws curve inward, and the 
animal walks on the outer or ulnar side of the foot. This method of 
using the fore foot in walking on hard substances was frequently 
observed, and enables the animal to walk comfortably where the long 
carved claws would be in the way If held in the normal position. It 
was also frequently noticed that the feet were held in the same position 
(horizontally) when at rest, and when used as a scoop in pushing loads 
of earth or sand out of the way. When thus engaged the feet were 
drawn back under the breast, the wrists near together and the long 
claws turned outward. By moving the body quickly forward the 
animal always succeeded in throwing ahead of it a considerable quan- 
tity of loose earth. 

DIVISION OF THE MOUTH INTO TWO GHAMBEBS. 

The lips and thin furry covering of skin are drawn into the broad 
space between the incisors and molars, where they meet in a raphe on 
the roof of the mouth and then separate again to meet around the under 
jaw, forming a diaphragm-like partition between the incisors and 
molars. The orifice is small and wholly inferior, and may be completely 
closed by the fleshy tongue or by the falling together of the furry lips, 
leaving a vertical slit between. The raphe or line of union of the lips 
on the roof of the mouth reaches most of the way from the incisors to 
the upper premolars. A narrow band, not covered with fur, connects 
the two lips inferiorly, crossing the floor of the mouth near the pos- 
terior end of the symphysis of the mandible. Thence the lips — if the 
term lips may be applied to this fold of skin— pass around the lower 
incisors, where the skin is attached posteriorly, so that it may bo 
retracted, leaving a bare space below the point where the tooth pro- 
trudes from the alveolus, thus giving greater freedom to the lower 
incisors during the act of gnawing. During the to-and-fro drill-like 
motion of the jaw the skin probably remains nearly stationary, while 
the under incisors play rapidly back and forth. The object of the dia- 
7433— No. 8 2 
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pliragmlike partition whicli separates tlie mouth into two chambers is 
obviously to prevent dirt and chips from entering the mouth proper 
during the various subterranean operations of the animal. 



THE TONGUE. 

The tongue is short, thick, and fleshy. Its principal function doubt- 
less is to keep the food between the crowns of the teeth during masti- 
cation. At other times it serves as a plug to stop the opening in the 
furry diaphragm between the incisors and molars. 

THE CHEEK POUCHES. 

All of the Pocket (lophers are provided with external cheek pouches, 
which open on the sides of the face outside of the mouth, and are cov- 
ered with fur inside. These cheek pouches are used exclusively in 
carrying food, and not in carting dirt as often erroneously supposed. 
The animals are great hoarders and carry away to their storehouses 
vastly more than they consume. The cheek pouches reach back as far 
as the shoulder and are so attached that they can not bo completely 
everted without rupture of their connections. While the posterior 
part of the sack is held back by the muscle which stretches thence to 
the lumbar vertebrje, the skin of the inner side of the pouch, which 
covers the side of the face below the eye and in front of the ear, may 
be everted or i)rolapsed, hanging down as a flap below the corners of 
the mouth. This is probably what happened in the ease of snake fright 
observed by Dr. A. K. Fisher at Ellis, Kansas, in June, 1893. Dr. 
Fisher saw a gopher snake (PUnophitt) about 5 feet in length hunting 
for breakfast. He says: <^ Presently the snake glided into a gopher 
hole. In a few minutes 1 saw a gopher (QeomyH lutescenn) run out as 
fast as possible froni the other end of the line of hills. 1 soon caught 
up to it. It appeared very much frightened, and its cheek pouches 
were hanging out. The gopher evidently had only scented the snake, 
for it Avas apparent that the snake had not seen the mammal, as it 
came out of the hole by whi(jh it entered and glided off deliberately 
in another direction." 

HOW CiEOMYS PUTS FOOD INTO ITS CHEEK POUCHES. 

A live Geomx/H from Vernon, Texas, has been carefully observed for the 
purpose of ascertaining how the reserve food is })laced in the cheek 
pouches. The animal soon became sutticiently tame to eat freely from 
the hand, and was commonly fed bits of potato, of which he was particu- 
larly fond. The manner of eating Avas peculiar and interesting, and 
showed an ability to use the huge fore feet and claws in a way previously 
unsusi)ected. After satisfying the immediate demands of hunger it was 
his practice to fill one or both cheek pouches. His motions were so 
swift that it was exceedingly diflicult to follow them with sufficient 
exactness to see just how the operation was performed. If a whole 
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l)Otato was given liiua, or apiece too large to go iuto the pouch, he invari- 
ably grasped it between the fore paws and proceeded to pry otf a small 
piece with the long lower incisors. He would then raise himself slightly 
on his hind legs and hold the fragment between his fore paws while 
eating, for he usually ate a certain quantity before putting any into the 
pouches. If small pieces were given him he took them promptly and 
l)assed tliem (juickly into the pouches. Some pieces were thus disposed 
of at once; others were first trimmed by biting off projecting angles. 
As a rule one pouch was filled at a time, though not always, and the 
hand of the same side was used to push the food in. The usual course 
is as follows : A piece of potato, root, or other food is seized between the 
incisor teeth, and is immediately transferred to the fore paws, which are 
h.eld in a horizontal position, the tips of the claws curving toward one 
another. If the food requires reduction in size, the trimming is done 
while held in this position. The piece is then passed ra^ndly across the 
side of the face with a sort of wiping motion which forces it into the 
open mouth of the pouch. Sometimes a single rapid stroke with one 
hand is sufficient; at other times both hands aroused, particularly if the 
piece is large. In such cases the long claws of one hand are used to 
diaw down the lower side of the opening, while the food is poked in with 
the other. It is obviously impossible for the animal to pass food from 
the mouth to the pouches without tlie aid of its fore claws. 

The most remarkable thing connected, with the use of the pouches is 
the way they are emptied. The fore feet are brought back simulta- 
neously along the sides of the head until they reach a point opposite the 
hinder end of the pouches; they are then pressed firmly against the 
head and carried rapidly forward. In this way the contents of the 
pouches are promptly dumped in ft-on t of the animal. Sometimes several 
strokes are necessary. I am not prepared to say that the animal can 
not empty the pouohes by means of the delicate investing muscles, but 
I have never seen them emptied in any other way than that here 
described. 

THE FOOD. 

The food consists chiefly of roots, tubers, and other rather hard veg- 
etable substances, though grass and the. succulent parts of plants are 
sometimes eaten. In agricultural districts the animals are highly in ju» 
rious, destroying potatoes and other tubers in large quantities, and 
gnawing oft' the roots of fruit trees. In fields of grain and fodder they 
sometimes do considerable damage by the aggregate area covered by 
the little mounds of earth thrown u# from the tunnels. 

COLOR PHASES. 

In most species of the Geomyidw two color phases occur, a plumbeous 
or dusky phase .and a chestnut-brown or yellowish-brown phase. The 
latter varies greatly in the different species — fi-om pale straw color or 
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buflfy ochnMjeousin ThomomyH perpallidus of the Colorado and Mohave 
deserts, to dark liver-brown in Qeomys hursarius of the Upper Missis- 
sippi Valley. Taking the group as a whole, the brown phase is by far 
the commonest and may be regarded as normal ; but in certain species 
in nearly all the genera the plumbeous phase prevails, as in TJwmomys 
orizabee, Platygeomys funwttusj and Zygogeomys trichopm — all from south- 
ern Mexico. The plumbeous i)elage is commonly more or less metallic 
and sometimes even iridescent. It is rare in the United States species, 
though common in Thomomys neradennk from central Nevada and 
Oeomys breviceps from Louisiana. It has not yet been observed in Cra- 
togeomys castanops or Geomys lutescensy and the red pelage has not been 
observed in Zygogeomys trichopus. So far as known, only a single color 
phase occurs in the genera Heterogeomya and Orthogeomys, both of 
which are dark seal brown in fresh pelage and a dull faded brown in 
worn pelage. 

Seasonal differences in coloration. — Some of the species vary but 
little with season, as Oeomys bursar ius from the Upper Mississippi Val- 
ley; still even this animal is considerably darker in winter than in 
summer. Others present two well-marked color phases, jiccording to 
season. In the latter category are Geomys lutescens, breviceps^ and to a 
less degree personatus also. In Intescens the summer pelage differs 
from the winter in the absence of the dark dorsal band which is usually 
present from October to April, or May, and sometimes even as late as 
June. Apparently the absence of this stripe in summer specimens is 
sometimes due to wear, the dark tips of the hairs when worn leaving 
the pale subapical zone exposed. This can not always be the case, 
however, since one specimen from Chadron, Nebraska, collected April 
30, has the dorsal stripe plumbeous throughout with but a faint trace 
of the palcsubapical zone. 

In typical Geomys breviceps, and also in specimens from the western 
limit of the range of the species where it seems to be shading toward 
lutescens and texcnsis, the same thing occurs, though the renewal of the 
pelage takes place at a somewhat different date. This is very apparent 
in specimens from Gainesville, in the valley of the lied lliver in north- 
eastern Texas. A specimen taken August 10 has a broad dark dorsal 
band, while two specimens taken March 27 and March 20 show no 
trace of this band except on the head, the back being a uniform red- 
dish brown more or less mixed with dusky. 

SEXUAL VARIATION. 

Sexual variation is marked throughout the genus and in some species 
is extraordinary. It may be conveniently discussed under two heads, 
(1) difference in size; (2) difference in cranial characters. 

(1) Difference in size. — ^Tlio females are always considerably smaller 
tban the males; the discrepancy is greater in some species than in 
others. Eeference to the tables of measurements shows that the dif- 
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fereiice in total length often amounts to 25 or 30 mm.; in length of tail 
to 12 or 15 mm. ; and in hind foot 3 or 5 mm. The difierence in the size 
of the skull is etiually marked, and is well shown in the tables of 
cranial measurements. 

(2) Difference in cranial characterH.* — Independent of the conspicu- 
ous differences in size between male and female skulls of the same 
species from the same locality, other and more important differences 
exist which not mfreciuently prove troublesome in identifying speci- 
mens, particularly if skulls of both sexes are not at hand for compari- 
son. The female as a rule has the brain case broader and flatter, the 
zygomata narrower and less angular, the jugal narrower anteriorly, 
the rostrum and nasals shorter, and the skull as a whole smoother. In 
other words, the cranium of the female is much less specialized than 
that of the male and often points suggestively to the stock from which 
the species was deriv^ed. It thus happens in the case of series of 
species in which the successive forms in the development of a particu- 
lar type are still extant (as in the texensisbursarius series) that the 
female resembles the male of the species next below in the line of 
descent more than the male of her own species. 

In several forms in which the males have well developed sagittal 
crests^ the females have a sagittal area bounded by distant temporal 
impressions; and in species in which the males have prominent tem- 
poral ribs, the females commonly have more widely separat-ed temporal 
impressions which rise as ridges from the outer side but not from the 
inner side, the interspace being more or less thickened. 

INDIVIDUAL VARIATION. 

The family Oeomyidw presents the usual range of individual varia- 
tion, both in size and in cranial characters. While the male and female 
skulls of a species agree very well among themselves, showing strong 
average chara(5ter8, there are in every Ijirge series one or two skulls 
which depart from the type in one or more particulars. These depart- 
ures are most common in the form and manner of ending of the nasals 
and ascending branches of the x)remaxilla. In all such csises sexual 
differences should be carefully eliminated before assuming that the 
departure is individual. 

Individual variation is always more marked in the secondary or acces- 
sory cranial structures than in the more important and less variable 
elements. Thus the peripheral processes and expansions for the attach- 
ment of muscles are always more variable than other parts of the skull. 
The degree of lateral production of the squamosal, and of the angular 
process of the mandible in PlatygeomyH gymnurus, and the variations in 



" The sexual orgaus are so arraugcd in the Gcomiiidas as to be diflicnlt of determi- 
nation in the tiesli, except during tlie ruttin;i; season ; hence the sex marks on labels 
may be safely ignored if they conHict with the cranial characters. 
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detail of the occipital basiu, are illustrations of this kind. Still, in 
studying large series of skulls of a single species, one is much more 
deeply impressed by the strong tendency toward the development in each 
bone of a particular type of form than by the departures therefrom. 

The animals continue to grow for several years, so that the majority 
of breeding individuals are still far from the full size of their s|)ecies. 
This is very apparent in the skulls, which not only continue to increase 
in actual size but also, in many species, in the ratio of zygomatic breadth 
to length, and in the development of ridges and processes for muscular 
attachments. 

SUBDIVISIONS OF THE FAMILY GEOMYID^. 

A superticial examination of the skulls of the various species of 
Oeomyidw is sufficient to show the existence of several widely difi'erent 
types. Heretofore the common practice has been to divide the family 
into two genera, Thomomys and Geomysy according to the absence or 
presence of distinct grooves in the upper incisors, and to subdivide the 
genus Oeomys into two series, unisulcate and bisulcate. The number 
of grooves was believed to be correlated with certain cranial characters, 
the members of the unisulcate series having widely spreading zygomatic 
arches, the outer angles of which were broadly expanded, while the 
bisulcate series had narrower archas and lacked the expansion; but no 
attempt was miule to separate them, even subgenerically. The recent 
discovery of a large number of new forms in Mexico and Central Amer- 
ica, comprising several highly diversified types, renders this classifica- 
tion inadequate. After subtracting the strongly marked genus Thorn- 
omysj which difters from all the others in numerous important charac- 
ters heretofore overlooked, a heterogeneous assemblage remains, com- 
prising the animals commonly lumped under the generic name Oeomys^ 
and also the new forms here first described. Of these, the bisulcate 
series may be divided into two very distinct and two minor types, while 
the unisulcate series contains at least six well-marked subdivisions. 

In attempting a logical classification of the group, one is met at the 
outset by the difiiculty that some of the specialized or peripheral tyi>es 
are more or less closely conne<;ted with the trunk line by existing inter- 
mediate forms, making it exceedingly difficult to draw hard and fast 
lines without unnecessary subdivision. The genus Geomys as here 
restricted is such a case. It comprises two (piite distinct branches, 
Oeomys tuza and G. bursariusj which are connected with one another 
and with the trunk line, or something very near it, by a series of gen- 
eralized species, the texemis-breviceps series. In cases of this kind two 
courses are open, either to separate the extreme peripheral forms from 
tlie less specialized species leading up to them, or to unite the entire 
branch under a single genus. The latter course has been followed in 
the present instance. But eatth case must be decided on it^ merits. 
One that has been treated differently is the large limb whose ends, 
as now known, are rei)resented by two of Mr. Thomas's species, hulleri 
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and vierriami; tlie former is not far removed from the trunk line of the 
group; the latter is one of the terminal branches. But the two forms 
differ in cranial and dental characters of great weighty and are further- 
more separated by an enormous gap which is not bridged at any point 
by any of the species yet discovered. For these reasons they are treated 
as independent genera. Still another reason for this course, if another 
were needed, is the circumstance that the branch ending in merriami is 
only one of four eoually specialized terminal boughs, all apparently 
springing from and hearing the same relation to the single limb or main 
stem whose base is marked by bulleri. 

In dividing the family into genera the aim has been to select as types 
the most specialized peripheral forms and to assemble around them the 
less specialized sjiecies. A study of the enamel i)attern of the molari- 
form teeth shows that the Oeomyidw may be divided primarily into five 
groups, several of which are of supergeneric value, and a study of the 
fundamental cranial characters leads to the recognition of nine genera. 
By means of the following brief key, any of the species now known may 
be easily referred t^ its proper genus without cutting the skull: 

KEY TO GENEBA. 
(1) NO KNAMKL ON POSTKKIOR FACK OP UPPER PREMOLAR. 

Posterior cnaniel plate present on first and second upper molars. 

Upper incisor bisulcatc Geomys. 

Upper iucisor nuisulrato 

Frontal strongly constricted (biconcave) between orbit,8 Pappogeomys. 

Fiontal not constricted between orbits ; very broad *" Orthogeomys. 

Posterior enamel plate absent in first and second upper molars. 

Bre.'ulth of cranium across sciuamosals much less than zygomatic 
breadth; lambdoid crest not sinuous (simply convex pos- 
teriorly) ; angle of mandible short Cratogeomys. 

Breadth of cranium across stiuamosals greater than zygomatic 
breadth ; lambdoid crest strongly sinnous ; angle of man- 
dible very long Platygeomys. 

(2) ENAMEL PRESENT ON POSTERIOR FACE OF UPPER PREMOLAR. 

Posterior enamel plate of upper premolar restricted to inner side. 
Posterior enamel plate present and complete on first and second upper 
molars. 
Frontal not constricted between orbits ; very broad ; pterygoids 

long *Orthogeomys. 

Frontal strongly constricted between orbits; pterygoids short. 
Postorbital process absent ; palutopterygoids long and slen- 
der (pterygoid part narrow) Heterogeomys. 

Postorbital process strongly marked ; palatopterygoids short 

and broad (pterygoid part very broad) Macrogeomys. 

* Orthogeomys presents an exception.il condition of the enamel pattern of the upper 
premolar. The posterior enamel plate of this tooth is evidently disappearing; it is 
present on the inner side in O. latifrons^ bnfc is altogether absent or reduced to a 
very narrow strip in O. grandis and scalops. 
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Posterior enamel plate of upper pretnolar complete. 

Posterior enamel plate present on inner {lintfuai) side only of first and 
second upper molars. 
Zygomatic urch couiplete without jagal (jagal inferior); incisors 

bisulcate Zygogeamys, 

Posterior enamel plate present and complete on first, sec^md, and third 
upper molars. 
Incisors not grooved, or with a single fine sulcus on inner side. . Thomomys. 



PHYLOGENETIC TREE OF THE GENERA. 

The accompanying pbylogenetic tree is iutended to represent the 
aatbor's conception of the interrelations of the nine living genera of 
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Pbylogenetic tree of the G«.*oniyidR'. 

the Qeomyidce now known. It is introduced with a full knowledge of 
tbe modern tendency to disregard and even belittle such attempts; but 
I am aware of no way iu wbicb tbe results of painstaking research 
respecting tbe affinities of organisms may be expressed so graphically. 
Apparently there were four forks to the early Pako-Oeomine pbylura: 
one running into Thomomys^ another producing the bisulcate series of 
Oeomys, beginning with texensis or arenarin^ and ending in bursarius; 
the third developing the anomalous bisulcate Zygogeomys; the fourth, 
a strictly unisulcate series, of which hulleri and albinasus are tbe least 
specialized forms now known, splitting into four very distinct branches, 
each of which now forms a well-marked genus. In the case of the 
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branch Iciuliug up to Qeomys bursarius the Keries of liviug forms is 
practically complete; in the case of the other branches the connecting 
links are unkuow^i. It is evident that both Pappogeomys btUleri and 
Qeomys texensis branched off from points not very remote from the 
place where Tlwmomys left the trunk line, and that they have under- 
gone relatively little modification since. 

The evolution of some types takes place in a very direct way, appar- 
ency by uninterrupted progress in a definite direction, and the species 
comprising such a series, as texensis^ breviceps, lutescens, and bursarim^ 
may be looked upon as stages in the evolution of the type. The origin 
of other types is more circuitous and less easily understood. For- 
tuitous variations lead to the appearance of numerous side branches, 
most of which abort before developing any very pronounced individ- 
uality. Others are more fortunate. Chancing to fit some phase of the 
environment previously unutilized, they go on until a maximum of 
departure compatible with the balance of the organism as a whole is 
attained. There are several of these highly specialized departures 
from the main stem in the Oeomyi(kc, such as CratogeomySj Platygeomys, 
Macrogeomys, and Zygogeomys, 

LIST OF THE GENEEA AND SPECIES. 

Genus Geomys Rafinesque. 

Name of species. Type locality. 

Geomya iuza (Ord) Augasta, Georgia. 

tma floridanus (And. and Bach. ) St. Aiignstiue, Florida. 

iuza moM^e/i «f««8ubsp. uov Mobile Hay, Alabama. 

hursarius (Shaw) Minnesota? 

lutescens Merriain Western Nebraska. 

hrevicepa Baird Mer Rouge, Louisiana. 

hrevicepaaagiitaUa subsp. nov Galveston Bay, Texas. 

breviceps atUcaten subsp. uov Rockport, Aransas County, Texas. 

iexensi8 sp. nov Mason, Texas. 

arenariHS sp. nov El Paso, Texas. 

personaius True Padre Island, Texas. 

peraonatus fallax subsp. nov Corpus Christi, Texas. 

Genus Pappogeomys nob. 

Pappogeomys hitlleri (Thomas) Talpa, Mascota, Jalisco, Mexico. 

alhtHfisim sp. nov Guadalajara, Jalisco, Mexico. 

Genus Cratooeomys nob. 

Cratogcomya merriami (Thomas) Valley of Mexico. 

peroienaia sp. uov Cofre de Perote, Mexico. 

eator sp. nov Las Vigas, Vera Cruz, Mexico. 

peregrinua sp. nov Mount Iztaccihuatl, Mexico. 

oreocete* sp. nov Mount Popocatapetl, Mexico. 

caaianopa ( Baird) I^os Animas, Colorado. 

caaianopa goldmani B\\hfi\}. nov. ..Canitas, Zacatecas, Mexico. 
fulveaeena sp. nov Chalchicomula, Puebla, Mexico. 
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(jeiiiis Platygkomyh nob. 

Platygeamya gymnnrus Merriaiu Zapotlan, Jalisco, Mexico. 

tylorhinus sp. nov Tula, Hidalgo, Mexico. 

planiceps sp. nov Northern slope Volcan Toluca, Mexico. 

fumo8H8 Merriam Colinia City, Colima, Mexico. 

(ieuiis Oktiiogbomys D<»b. 

Ortkogeomys scalops (Thomas) Tehiiant^pec, Mexico. 

grandis (Thomas) DiieHas, (inatemala. 

laiifrans sp. nov Guatemala. 

nelMoni sp. nov Mt. Zempoaltepec, Oaxaca, Mexico. 

(tonus Heterogkomvs nol>. 

Heterogeomya hiapidHs (LeConto) Near .lalapa. Vera Cruz, Mexico. 

iorridua sp. nov Chichicaxtle, Vera Cruz, Mexico. 

Genus MACRociEOMVS nob. 

Macrogeomya heterodua (Peters) Costa Rica. 

dolickocephalHa sp. nov San Jos<^, Costa Rica. 

coatancenaia sp. nov Pacnare, Costa Rica. 

cherriei (Allen) Santa Clara, Costa Rica. 

Cienus Zygogeomy.s nob. 

Zygogeomya irichopua sp. nov Nahuatzin, Michoacan, Mexico. 

GEOGRAPHIC DISTRIBUTION OF THE FAMILY AND GENERA. 

Tlie area inhabited by the family Geomyidw stretches from the dry 
iuterior of British Cohimbia and the Plains of the Saskatcliewan south- 
ward to Costa Rica. In an east and west direction the g:roup covers 
the continent from ocean to ocean, except that it is absent from the 
region north of the Savannah River and east of the Mississippi Valley, 
as shown by the accompanying maps (maps 1, 2, and 3). The group is 
clearly of Sonoran origin and reaches its highest development on the 
southern part of the table-land of Mexico. The great majority of the 
species inhabit the upper and lower Sonoran zones, though a few 
specially modified forms range upward on favorable mountiiiu sides 
through the Transition and even into the lower edge of the Boreal zone. 
On the other hand, two species inhabit th(» tropical belt of Mexico. 

Distribution by genera. — The present distribution of the genera coin- 
cides very nicely with their systematic relations. 

The genus Thomomys (map 1, A) has by far the most extended range 
of any single genus, iuhabitating suitable localities from the valley of 
Mexico and Mount Orizaba northward to British Columbia and the 
North Saskatchewan river, and from the l*acific coast eastward to the 
Great Plains. 

The genus Geomya (map 1, B and B' ) inhabits a broad belt across the 
middle part of the United States, from the Red River Valley in north- 
western Minnesota and northeastern North Dakota southward to the 
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Mexican boundary along the Rio (rrande; and Jilso the Bouthern half 
ot Alabama an<l Georgia, and the northern lialf of Florida. The genus 
does not occur west of eastern Wyoming, east-central Colorado, and 
the Rio Grande Valley in New Mexico. (See also map 4.) 

The genus (Jnitogeomy8(mi%i^2) inhabits the Great Plains of t lie United 
States from the Arkansas River in eastern Colorado southward, and 
the eastern table-land region of Mexico to its extreme southern edge in 
the States of Mexico and Puebhv. 

The genus Vappogetnnys (map .V) is known oidy from the State of 
Jalisco in MexKro. 

The genus PlatygeomyH (mai> *T) inhabits a rather narrow belt along 
the southern border of the Mexican table-land in the States of Jalisco, 
Colima, Michoacan, Mexico, and Hidalgo. 

The genus OrthogeomyH (map *^^) inhabits elevated parts of the States 
of Oaxaca and Chiapas, in extreme southern Mexico and iulj^icent parts 
of Guatemala. 

The genus JleterogeomyH (map.*5^) inhabits the tropical plains of Vera 
Cruz, below the edge of the table-land, and extends thence southerly to 
Coban in Guatemala, probably following the low coastal plain of 
Tabasco to the Rio Usumacinta and thence up the valleys of the San 
I*edro and its tributaries to the interior of Guatemala,* 

The genus MacrogeomyH (map 3^) inhabits the highlands and moun- 
tains of Costa Rica and is not known elsewhere. 

The genus Zygogeomys {ma\) 3*) inhabits the Sierra Madre of the State 
of Michoacan on the scmthern part of the table-land of Mexico. 

NUMHKR AND DISTRIUUTION OF THK SPKOIES. 

Omitting the genus ThotnornyH, the number of species recognized by 
Baird in 1857 was 7, as follows: G. burHariuSj brericepsj pinetis [=tuza]j 
clurkii, castanopSj hispiduSj and mvxicamis. The number recognized by 
Cones twenty years later, in 1877, was 5, as follows: G, bursarius, tuza, 
caatanops^ hispidus, and mexicanus. Cones degraded 2 of Baird's spe- 
cies to synonomy, uniting breinceps with bursaritiSj and clarkii with 
castanops. The same fate overtook G. heterodus of Peters, described 
m the interval between Baird and (-ones; it was made a synonym of 
hispidus. 

The number of species and subspecies recognized in the present 
paper is 37, of which 21 are described as new. The remaining 16 are 
accounted for as follows: Four out of the 5 admitted by Coues are 
retained, namely, bursariusy tuza^ castanopSj and hifipiduH, but the fifth, 
mexicanus, is rejected as preoccupied by an unidentifiable species (see 



• While this paper is passing through the press, a specimen of Ifeterogeomya has 
been received from Mr. Nelson, coUected by him at Reyes, about 50 miles north of 
the city of Oaxncn, in the State of the same name, and 33 miles south of the bound- 
ary of Vera Cruz and Puebla. 
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poiifca, \K 200). Bainr.s Itrevlceps aii<l Peters's hvterodus are rein- 
stated as valid species, and floridunus of Audubon and Biiehmau is 
admitted as a subspecies of tuza, Tlie remaining 9 have been described 
since the publication of Coues's Monograph — in fact, during the i>ast 
five years — and no less than G of them are from Mexico and Guate- 
mala. These species are : personntuH of True; bullcri* grand ittj scalopSj 
and merriami of Thomas; luteneetMy fiimoswt^ and gymnurns of Mer- 
riam, and cherriei of Allen. Of the 21 new forms here described, G 
are from the southern United States (1 from Alabama and 5 from 
Texas), 12 from southern Mexico. 2 from Costa Kica, and 1 from Guate- 
mala. Of the total number here recognized (37), 10 are restricted to 
the United States; 2 (probably 3t) are common to the United States 
and northern Mexico; 17 are restricted to the southern half of Mexico; 
2 are common to southeastern Mexico and adjacent parts of Guate- 
mala, and T) are known from Guatemala and Costa Rica only. Thus 
no less than 24 species, representing, as will be shown later, 7 distinct 
groups or genera, are absolutely confined to southern Mexico and north- 
ern Central America. The extraordinary and unexpected richness of 
this part of tropical America in members of the group, % and the even 
more remarkable div^ersity of structure presented by the various types, 
are of the utmost interest in view of the time and place of origin of 
the family to which they belong. 

rNITKD STATKS SPECIES. 

The Pocket Gophers of the United States fall naturally into two prin- 
cipal subdivisions, (1) those having the upper incisors deeply marked 
by a median longitudinal furrow (unisulcaie series), and (2) those having 
the upper incisors double grooved, a narrow sulcus on the inner margin 
of the tooth and a larger and deeper one near the middle (bisulcate 
aeries). The unisulcate series is represented by a single species, casta- 
nops of Baird, which iidmluts the western plains from middle Colorado 
southward into Mexico. The members of the bisulcate series inhabit- 



* G, bulla'i wa8 deHcribecl almost HiiiiiiltaneoUHly by Mr. Thomas and myself, but 
Mr. Thomas's deHcriptiou was issued first aud Lis name biilhri has priority over my 
name tichoni. 

iThese are Oeomya arenarhiB, which is common on both sides of the Kio Grande 
at El Paso, Texas, and Juarez, Mexico, and CrntorjeomijH castanopSf which inhabits 
extensive areas in western Texas and Chihuahua. A third species, Geomifs ptrno- 
natua, inhabits the lower Rio Grande region in Texas and in all probability occars 
on the Mexican side also (in the stato of Tamaulipas). 

', When it is remembered that only about half a dozen specimens, all told, have 
been examined from Costa Kica and Guatemala, as compared with 200 from Mexico, 
il must be evident that the possibilities of Central America have been by no means 
exhausted. Furthermore, no specimens have been seen from Yucatan, thouf^h the 
lamily is represented there by at least one species. (Bioh>;^ia Ceutrali-Aineriraua, 
Mammalia, 1880, p. KK).) 
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iiig the ITnited States are 12 in number. These, with their type locali- 
tie.', are as follows: 

iicomi/8 tuza (Ord) Augustii, Georgia. 

tuzafioridanus Hacb St. Aagiistin«i, Florida. 

iaza mobilensia siibsp. nov Mobile Bay, Alabama. 

bnraarius (Shaw) Miuiiesotaf. 

lutescens Mcrriam Bird wood Creek, western Nebniska. 

hrevicep8 Baird Mer Rouge, Loaisiana. 

hrevicepa sagittalis subsp. uov Galveston Bay, Texas. 

hreviceps ailwateri subsp. nov Rockport, Aransas County, Texas. 

texenaia sp. nov Mason, Texas. 

atenarlns sp. nov EI Paso, Texas. 

personatus True Patlre Island, Texas. 

peraonatus fallax subsp. nov Corpus Christi, Texas. 

Geomys bursar ius is the coinmou Pocket Gopher of the northern Mis- 
sissippi Valley, from eastern North Dakota and western Minnesota 
south to southeastern Missouri. It is a dark liver-colored animal with 
pure white forefeet, in sharp contrast to the color of the surrounding 
parts, and has the longest claws of any of tlie bisulcate species. 

Oeomys lutescens is a pallid form of the hursarius type, inhabiting the 
arid sand hills of western Nebraska and extreme eastern Wyoming, 
and ranging thence southerly into northwestern Texas, 

Oeomys breviceps inhabits the alluvial lands of Louisiana, Arkansas, 
and eastern Texas, the typical form coming from Prairie Mer Rouge, 
in Morehouse Parish. It extends thence northwesterly up the valley 
of the Arkansas River nearly to the Kansas border. It is a rather small 
dark species. On the south, along the coast region of Texas, it splits 
up into the two following subspecies: 

Geoinys breviceps sagittalis inhabits the gulf coast of Texas about 
Galveston Bay. It is smaller than true breviceps. 

Geomys breviceps attwateri inhabits the coastal plain and islands of 
Texas, from Nuec'^s Bay northward to Matagorda Bay, and ranges into 
the interior nearly to San Antonio. It is considerably larger than 
typical breviceps. 

Geomys texensi^ in its typical form inhabits central Texas. On the 
north and northwest it probably passes into lutescem^ while on the east 
it may intergrade with breviceps. It is much smaller than bursarim or 
lutescens and has a pure white belly. Its upper parts are reddish- 
brown, paler than bursarius, but darker and brighter than lutescens. 

Geomys arenarius inhabits a very restricted area in the upper Rio 
Grande Valley in extreme northern Chihuahua, western Texas, and 
southern New Mexico. So far as known it is completely isolated, not 
coming in contact with any other bisulcate species. It is of medium 
size, has a relatively long tail, and the upper parts are drab. 

Geomys personatu^ inhabits Padre Island and tlie adjacent coast of 
Texas from Santa Rosa southward, extending inland as far as Carrizo, 
on the Rio Grande; its range, together with that of its subspecies /aiia.z', 
thus coincides with the northern arm of the arid tropical belt along the 
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Gulf coast. In external api>caraiice personatus murli reseiiibles O. 
lutescenn of the (Ireat Plains, from which it may be distinguished at 
once by its larger size, larger and more naked tail, and by importaut 
cranial characters. 

Geomys pernonatuH falliix inhabits a small area on the Gulf coast of 
Texas, immediately south of Nueces Bay. It is smaller and darker than 
true personaUut, 

Oeomys tn^a, a rather large cinnamon-brown species, inhabits the piue 
barrens of eastern Georgia, where it is locally known as tlie ^Sala- 
mander.' The same name is ax>plied to the following subspecies: 

Geomys tuza floridanus is a Florida form of tuza^ as its name indi- 
cates, aud does not differ materially in external appearance. 

Geomyn fuxa mohiUnsis inhabits southem Alabama and northwestern 
Florida and is a strongly marked form. It is very much darker than 
tuza. ( For distributiou of United States species see map 4). 

DISTRIBUTION OF THE MKXK^AN SPECIES. 

At my request Mr. Nelson has prepared the following note, embody- 
ing his personal knowledge of the geographical and vertical distribu- 
tion of the species obtained by him in Mexico, exclusive of the genus 
Thomomys : 

''One of the most remarkable and interesting features connectexl with 
the Mexican Pocket Gophers is the small area within which most of the 
known species occur. This area is a belt about 400 miles in length by 
(K) in breailth, stretching from the Pacific^ coast to the Gulf of Mexico, 
between the nineteenth and twentieth parallels of nortli latitude. It 
contains the thirteen highest peaks of Me^cico,* all of which attain an 
altitude of 12,000 feet or upward. The most notable of these are Iztac- 
cihuatl (17,000 feet), Poi>ocatapetI (17,52:5 feet), and Orizaba (18,314 
feet).t 

*Tiie only peak in Mexico attaining an altitnde exceeding 12,000 feet, in addition 
to those here onnmerateil, all (»f which lie in the Geomya helty is Mount Zenipoal tepee, 
in tho Stat-e of Oaxaca. This peak is said to reach 12,000 feet, and is inhabited by a 
new Hpucies of gopher here named Ortlwffeomys nelsoni, 

iThe complete list with approxim<ite altitudes, beginning at the westernmost, is as 
follows: VveA. 

Sierra Nevada de (.'olima 14, 000, State of .Jalisco. 

Volcano de Colima 12. 000, I )<>. 

Pico de Tancitaro 12, (5,53, Stat<' of Michoacan 

Pico de Patamban 12. 2<)0, I)o. 

Volcano de Toluca 15, 0<X), State of Mexico. 

Cerro de Ajusco 12, 000, Do. 

Popooatapetl 17, 52.3, State of Puebla. 

Iztaceihuatl 17, WK), Do. 

Cerro de Telapon 13, 575, Do. 

Cerro de Malinche 13, 162, State of Thixcala, 

Orizaba 18. 314, State of Puebla. 

Sierra Negra 15. (MM), 1 )o. 

Cofre do Perote 14, 000, Stat« of Vera Cruz. 
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"The inaiu chain of the Cordillera or Sierra Madre extends along this 
hne and lorins here the southern limit of the plateau or table-land region. 
The mountains throughout this district are of volcanic origin. They 
inclose numerous high valleys, such as that ofToluca (8,600 feet) and 
the valley of Mexico (7,400 feet). The main body of the range takes 
the form of high rounded ridges between 7,000 and 9,000 feet in altitude. 
On the north the ridges slope down to the adjacent tablelands; on the 
south a longer slope carries their bases into the low hot valleys of the 
streams that lea<l out to the sea. The average elevation of the belt 
under discussion is far greater than that of any other equal area in 
Mexico or Central America; this belt also contains the only peaks of 
the region that are permanently capped with snow. 

"The characteristic trees of all these mountains are pines, firs, and 
alders. In descending toward the hot coast country, below 7,000 feet, 
oaks come in, and as the descent is continued they in turn give way 
before the subtropical and tropical species. Although most of the area 
within the limits given is high and cool, yet at each end a sharp 
descent leads to tlie low, hot coast country. 

"Gopliers occur throughout this area, from the hot coast districts up 
to the scattered vegetation about timber line. Oeomys fumosusj the 
extreme westernmost species, burrows in the damp clayey soil among 
the cocoanut palms about the city of Oolima, at an altitude of from 
1,000 to 2,500 feet. Oeomys hiKpiduSj the easternmost representative of 
the group, inhabits the coffee and sugar-cane fields of Vera Cruz. In 
the intervening district the other species range from 4,000 feet up to 
timber line. Although sevi^ral reach as high as 12,500 or even 13,000 
feet, the great majority of individuals of all species occur below 9,000 
feet, and a vertical section of the country from 4,000 to 9,000 feet would 
include all of the species and nearly all of the individuals of the 
interior forms. By far the greatest development of the group is 
reached between the altitudes of G,(K)0 and 8,500 feet. This area is 
along the lower border of the pine and oak forest and reaches out along 
the adjacent treeless plains for a short distance. Considered faunally, 
this area is Ui)per Sonoran and Transition. The northern base of this 
part of the Cordillera forms the southern limit of many species of 
birds and mammals belonging to the great interior deserts of the 
United States and the plateau of Mexico, while their southern base 
and adjacent slopes form the northern limit of various tropical species. 

"It was observed also that whenever the route led to the north or 
south of this belt the pocket gophers became rapidly less numerous, 
and ceased entirely except in a few phu^es. 

"By far the greater number of spe^Jes now known from Mexico are 
absolutely restricted to limited areas within this district, while others 
push out only a little beyond. 

"The animals, as a group, are generally found in rather loose soil and 
avoid stony areas. In some cases, as with O. fumosus^ the soil may be 
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a tough clay, but this is exceptional. Wherever found in cultivated 
districts they invade fields, and frequently commit serious damage to 
crops of both grains and tubers. It is a common practice for the land- 
owners to pay a fixed bounty to their field hands for them. The owner 
of a hacienda near Atlisco, Puebla, told me he hiid thus paid for sev- 
enty dozen on his hacienda in a single year, at the rate of (> cents a 
head." 

The most interesting and unexi)ected result of Mr. Nelson-s explora- 
tions is the knowledge that the family Oeomyidw attains its highest 
development in a belt about 40() miles in length by 00 in breadth 
which crosses Mexico from west to east along the southern edge of 
the tableland. Within this belt Mr. Nelson collected 175 si)ecinieus, 
not counting tbe genus Thomomys. These specimens belong to six 
dilBferent genera and represent 15 species, no le^s than 12 of which 
w^ere previously unknown.* 

WEIGHT OF niAUACTEUS. 

Nothing is more difficult, in entering upon the study of a new group, 
than to determine the relative weightof chanicters. Structuresof known 
stability in one group may be highly variable in another, so that char- 
acters that are of generic value in the one may be of only specific value 
in the other. In framing genera and higher groups therefore it is 
desirable to select deep-seated structures and those that are not easily 
affected by external influences. In the case of the skull, it is conv^en- 
ient to divide the characters into two categories, fundamental or pri- 
mary, and superficial or secondary. Fundamental characters are based 
on structures and relations that enter into the ground plan of the skull, 
and are of high morphologic weight ; Huperficia I characters are the result 
of special adaptations and particular muscular strains, and are of little 
value except as affording recognition marks for species, and in some 
instances for genera also. The fundamental structures are mostly 
hidden, comprising the floor of the brain case, the craniofacial axis, and 
the turbinated bones. They are seen to best advantage in vertical longi- 
tudinal sections and in skulls from which the vault of the cranium has 
been removed. On the outside of the skull the palatopterygoid plates, 
and perhaps the frontals also, may be regarded as belonging to the 
same category. The superficial structures are those that appear on the 
(mter side of the cranium and are most easily modified by muscular 
strain, or are the secondary result of dental peculiarities. They com- 
prise the zygomatic arches, muzzle, nasals, occiput, and such x)n^rts of 

* Since tbe above note was writton — in fact just as this jK'iper is going to press — 
Mr. Nelson bas sent mo 15 specimens of large gophers from tbe i^'tate of Oaxaca, in 
extreme soutbeni Mexico. Ten of tbese, from Cerro San Felipe, are tbe species 
recently described by Mr. Oldfiebl Tluimas as Geofnya scalops; tbe remaining 5 are a 
new species, Or/^o<7coiMy« we/«ow». Tbey were collected at tbreo localities: Mount 
Zeinpoaltepec, Totontepec, and Comaltepec. All of tbe Hpecimeus from tbe State of 
Oaxa<ra belong to a genus (licro named Orthogeomtfs) quite distinct from nny of tbe 
genera iubabiting Mr. Nelson's Geomya belt. 
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the outside of tlie vault of the cranium as are materially altered in form 
and extent (as the squamosals) without sensibly changing their relations 
on the inner side of the brain case. 



LIST OF SPECIMENS EXAMINED. 



Geomys tuza (Ord> 32 

tHzafloridanusikwCi.VkinX Bach. ) 25 

tnzn mobilenais subsp. nov ... 23 

burnanua (Sliaw) 110 

lutcHCcns Merriani 13() 

brevioeps Baird 195 

brevicepa sagittalia 8iibsp. nov. 26 

brevivep8 attwaieri 8ub.sp. nov . 53 

texensis sp. nov 31 

arenarius sp. nov 43 

peraonatus True 33 

persouatua faUar Kiibsp. nov. . 22 

Pappogeomys bulleri (Thomas) 6 

albinaaiis sp. nov 1 

Craiogewnya merriami (Thomas) 31 

perotenaia sp. nov 13 

eator sp. nov 10 

peregrin US sp. nov 1 

oreocetea sp. nov 1 



Cratogeomya caatanopa (Baird) 43 

caatanopa goldmani snbsp. 

nov 5 

/ii/re«cen» sp. nov II 

Plaiygeomya gymnitrua Morriam 10 

/^/orAinua sp. nov 9 

planicepa sp. nov 3 

fumoaua Merriam 11 

Orthogeomya acalopa (Thomas) 13 

nehoni sp. nov 5 

latifrona sp. nov 1 

Jleicrogeomya hiapidua ( Lo Coute) 9 

<orridu» sp. nov 27 

Macrogeomya heterodua ( Peters) 1 

doUchocephalua sp. nov . . 2 

C4)ataricenaia sp. nov I 

cfcerriei (A Hon) 1 

Zygogeomya tricJiopua sp. nov 12 



CHAPTEK IL 
MORPHOLOGY OF THE SKULL. 

1. THE CRANIUM AS A T^^OLE. 

While diversity prevails in the form of the cranium as a whole and in 
a multitude of minor details, all the members of the family Oeomyidw 
agree in the following important characters: The top of the skull is 
flattened, the nasals, froutals, and parietals usually forming nearly a 
straight line (though the line is decidedly convex in Cratogeomys cos- 
tanops 2bnd fulvescens). The tympanic or audital bulhe are rather large, 
and the external meatus is a long tube directed forward as well as out* 
ward, and opening externally immediately behind the posterior angle 
of the zygoma. There is a well-developed moHtoid bulla which is wholly 
on the occipital plane, never reaching the top of the skull. The squa- 
mosaU are largely developed, always overlapping the lower part of the 
parietals and hinder part of the frontals, and sending out posteriorly 
a lateral arm which enters into the occipital plane and overreaches the 
mastoid process of the mastoid bulla. They articulate broadly with 
the alisphenoid, but leave a long slit like vacuity between the i>ostero- 
inferior margin and the auditiil bulla. The basispheiioid and presphenoid 
are higher than broad. The former develops air cells iu its body; the 
latter is a thin vertical plate always perforate anteriorly opposite the 
7488— No. 
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sphenoidal fissure, so that in viewing the skull from the side one sees 
completely through it beh>w the orbitosphenoids. The ali^henoidH 
are larger and reach, or nearly re^ich, the upi)er surf a(ie of the cranium; 
they are inseparably ankylosed to the basisphenoid before birth. The 
orbitosphenoids are small and horizontal and are not united to the ali- 
sphenoids except in Zygogaymys and ThomomyH, The turbinated bones, 
while presenting important differences in the several genera, agree in 
the following particulars: Anteriorly there is a miglamaxillo-turbinaly 
always attached to the premaxilla; above and ])arallel to it is a large 
nasoturJnnal, always attached to the nasal; posteriorly, and attached 
to the cribriform plate and os planum are the endoturbinals (of Harri- 
son Allen), always four in number and always decreasing in size from 
above downward; the uppermost is expanded anteriorly. 

Thebony palate is long and narrow, broader i)osteriorly than anteriorly, 
and composed chiefly of the inaxiUn, the body of the palatine being rel- 
atively small and sitnated far back. There is a deep i)it on each side 
of the palate between the hiiulermost molars. Posterior to this pit the 
palatines usually bifurcate and unite, with the pt;erygoids to form a 
Ungulate or strai)-shaped palatopttrygoid plate on each side of the poste- 
rior nares. On the outside of tin*, skull the palatines are restricted to 
the posterior end of the bony pahiU»., but on the inside they reach 
forward along the crano facial axis all the way to the nasal chamber — 
a wholly unnecessary condition so far as the present structure and needs 
of the animal are concerned, but a highly interesting and significant 
relic of the primitive relationsof these bones. The case is an excellent 
illustration of the persistence»of. useless parts. 

The preinajrilla is large and heavy, subqnadrate in section, and artic- 
ulates rather broadly with the frontal. It completely incloses the small 
incisive foramina excei)t in Zygogeomyn, 

The jugal is a highly variable bone (as will be seen hereafter), but 
it is always restricted to the horizontal part of the zygoma, never 
creeping upward anteriorly toward the lachrymal, or inward posteriorly 
toward the glenoid fossa. 

The roomer bifurcates and sends bjickward two long vertical wings, 
which articulate with the sides of the i)resphenoid, never with its 
inferior surface. 

The zygomatic arch varies exceedingly in size and form in the differ- 
ent subgenera, but its horizontal part in transverse section is always 
distinctly triangular anteriorly, while posteriorly it is fiat or rounded. 
Posteriorly it presents two faces, inner and outer; anteriorly a third is 
added — a supero-external face. The latter rarely reaches further back- 
ward than the middle of the arch and is usually set off from the outer 
face by a well-defined ridge, which i)asses obliquely backward and 
upward from the anteroextornal angle to the tip of the squamosal 
arm. This ridge marks the upper limit of attachment of tlKj zygomatic 
part of the masseter muscle. 
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Tliere is no tvyie^ 2)OHtorhital procesn of the frontal except in Macrogeo- 
mys, but the apex of the alisphenoid and adjoining anterior border of 
the squamosal commonly unite to form a decided postorbital ridge, which 
slopes obliquely downward and backward from the point where the 
frontal, alisphenoid, and squamosal meet, just behind the orbit. This 
ridge is made up of the edges of the alisphenoi(l and squamosal, and 
serves to sharply separate the orbit from the adjoining outer side of the 
brain case. In Macrogeomys there is a strongly developed circumscribed 
postorbital process, which, with the help of a corresponding eminence 
on the middle of the horizontal part of the zygoma, serves to sharply 
distinguish the orbital from the temporal fossa. In its component 
elements it is peculiar. Its base consists of the frontal, which bone is 
notched immediately in front of it, thus emphasizing the apparent size 
of the process. The summit of the process is made up of the apex of 
the alisphenoid, which here reaches the plane of the upper part of the 
skull and is slightly overlapped posteriorly by the antero-external angle 
of the squamosal. 

The paroccip it al 2>rocesseH stand out sideways above the condyles and 
are more or less expanded and flattened — never cylindrical or conical 
(figs. 4 and 55 ^2^, and pi. 15, tigs. G and 7). 

The floor of the brain case^ as exposed by sawing off the vault of the 
cranium, affords characters of the utmost value in subdividing the 
group into genera (figs. 9, 56, and G8^, and pi. 17). As will be seen 
on consulting fig. 9, the tympano-periotic capsules, with the inclosed 
basioccipital and posterior part of the basisplienoid, form about half of 
the floor of the brain case. The alisphenoids (fig. 9, as) are next in 
importance, the horizontal part forming abridge across the floor of the 
skull above the pterygoid fossae and immediately in front of the tym- 
panic bulhe, while the ascending wings push forward on each side, 
reaching or nearly reaching the orbitosphenoids (o«), and forming the 
l>osterior and outer boundaries of the large sphenoid fossa. Anteriorly 
the orbitosphenoids fill or nearly fill the front part of the floor of the 
brain case, on the plane of the orbital constriction. In front of this 
constriction, and behind the cribriform plate, the orbital or descending 
idates of the frontal commonly meet in the median line, forming t*he 
floor of the olfactory fossa. In young skulls, as in fig. 9, and in adults 
of the genera Pappogeomyn (fig. 56), Orthogeomys, and Tho7nomys (fig. 68^), 
the frontals do not meet below, but the orbitosphenoids reach forward 
and articulate directly with the cribriform plate. 

A conspicuous and highly important pair of fossae occupy the ante- 
rior part of the floor of the brain case on each side of the median line, 
where they are comi)letely surrounded by the several sphenoid bones. 
They may be termed the sphenoid fossw. They are directly continuous 
and inseparably connected i)Osterior]y with the pterygoid fossw proi>er, 
which latter are widely oi)en in front and are roofed over by the trans- 
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verse part of the alisphenoid only. The resnltiiig elongated, fossa as a 
whole may be named the spheno pterygoid fossa (fig. 9,|></). The shape 
and extent of the sphenoid fossa varies materially in the different 
genera, as shown in pi. 17: in Oeomys (fig. 3) and Heterogeomys (fig. 1) 
it is much elongated, reaching anteriorly to the descending plate of the 
iroutal. In Cratogeomys (fig. 9, i)l. 17, and fig. 5), and also in Fappo- 
geomys (fig. 56) and OrthogeomySj it is cut off anteriorly by the orbito- 
sphenoids. In Zygogeomys (pi. 17, fig. 2) it is still farther shortened by 
the posterior enlargement of the orbitosphenoids, which are broadly 
ankylosed with the alisphenoids. 

The anterior end of the alisphenoid canal (fig. 9, av) always opens into 
the outer side of the posterior part of the sphenoid fossa, and its posi- 
tion is essentially the same throughout the family (see pi. 17, and text 
figs. 9ao, 52 and 54e{/c, 56, and 68). 

The pterygoid fossw are large and widely open (fig. 1*2, ptf). Poste- 
riorly they are bridged by the narrow horizontal arm of the alisphenoid 
(tig. 9, as); anteriorly they are not closed or roofed over, but are broadly 
continuous with the large and deep sphenoid fossje (fig. 9, ptf), which 
open into the orbit by means of the broadly expanded lower part of 
the sphenoidal fissure. Their floor consists posteriorly of palatine and 
anteriorly of maxillary. On the inner side they are bounded by the 
pterygoid, the vertical plate of the palatine, the basisphenoid, and the 
presphenoid. On the outer side they are bounded inferiorly by the 
external pterygoid plate of the palatine (fig. 12, epl), and superiorly 
by the descending wing of the alisphenoid. The outer wall of the pos- 
terior part of the pterygoid fossa thus i)roves to be double, and the 
inner bone — the external pterygoid plate — belongs to the palatine and is 
overlapped by the descending wing of the alisphenoid, as shown in 
figs. 4 and 12. 

Thetsphenoidal fissure is a large and nearly vertical pyriform vacuity 
at the bottom of the orbit, separating the anterior border of the ali- 
sphenoid from the descending or orbital plate of the frontal (fig. 55®). 
It separates also, to a varying degree, the alisphenoid from the orbi- 
tosphenoid (fig. 9, sf). Superiorly (above the horizontal plane of the 
orbitosphenoids) it is a narrow slit sloping obliquely upward and for- 
ward between the brain case proper an<l the olfactory fossa, and ending 
at the base of the thickened interorbital constriction of the frontal 
(which continues the line of separation between the olfactory fossa and 
cerebral chamber). This slit is permanently open except in Zygogeomys 
(in which it is closed by the orbitosphenoid), looking completely tlirough 
the skull from side to side. Inferiorly (below the horizontal plane of 
the orbitosphenoids) the fissure is suddenly dilated, forming a broad 
and widely open door between the deep lateral fossa of the floor of the 
brain case ftud the bottom of the orbit. The corresponding basal parts 

q( tb^ fissure on tbo two sides of tUe skull pre iuoompleteljr sep^^rated 
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by rt perforate septum eouai»tiug of tlie vertical plate of the presphc- 
noid, and in some cases of an usceuding wing of the palatine also. Tlie 
splienoidal fissure is bounded by tliree bonea: posteriorly by tiie aii- 
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sphenoid; anteriorly by tlie frontiil and maxilla; and inferiorly by the 
maxilla. Tbe longitudinal vertical septnni \rbich forms tbe floor of the 
large inferior part of tbe splienoidal Assure is likewise imule up of three 
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boue», the orbitospbenoiU, prositbenoid, and piilatiue — though the lat- 
ter i« iisaally so reduced that it apjwara in the anteroinferior corura 
only, and in some forms Ciin not be seen from the outride at all. Bat 
in the eloa^ted skulls of Qeomys bur»ariua and tuza the lower part of 
the li88unt is broiideucd antero-posteriorly, and the ascending w>ug of 
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the palatine ia enlarged and extended, reaching npwanl alongside the 
prespbenoid (in front of t)ie usual feiiestrnui) to articulate broadly with 
the frontal and orbitosphennid, on or near the plane of tiie top of the 
prespbenoid (fig. H-'y). In front of the pahitine (and also iu front of the 
prespbenoid, which is here clasped between the ascending winga of the 
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palatine on the two sides of the skull) is a second fenestruni (tig. 55^) 
anterior to the usual one (fig. 5iy*j which is in the presphenoid), and 
likewise looking comi>letely through the skull. This latter opening is 
bounded in front by the maxilla and behind by the palatine. It is sit- 
uated midway between the sphenoid fenestrum and the orbital end of 
the infraorbital caual. 

The infraorbital canal is small and does not pierce the root of the 
zygoma^ but is deeply buried in the maxillary bone, piissing backward 
and inward from the infraorbital foramen (fig. 4") (on the lower part of 
the side of the muzzle Just behind the premaxillary suture) to the deep- 
est part of the orbit (fig. 4^), its course being wholly internal to the zygo- 
matic root of the maxillary. It curves around the inner side of the 
base of the socket of the long upper incisor, and is separated from the 
nasal chamber by only a thin lamella of bone rising from the maxillary 
floor of the nasal passage and articulating above with the inferior bor- 
der of that part of the os planum which supports the endoturbinals. 

ThQ foramen rotundum (fig. 4^) is always situated above t\\e^ foramen 
ovale (fig. 4*), and both open into the large longitudinal alisi>henoid 
canal. In rare instances they coalesce (fig. 55^). 

The narial pa^Ha{fe is a narrow vertical ellipse, alxmttwit'eashighas 
broad (fig. 7, wj>). 

While most species of the genera under consideration develop a 
prominent sagittal crest in adult life, some do not, the temporal impres- 
sions remaining permanently distant, defining a well-marked sagittal 
area. The members of the latter category may be divided into two 
sets, (1) those in which the temporal impressions are actual ridges ris- 
ing above the ievelof the surrounding bone on both sides, as in Hetero- 
geomys hispidns (pi. 4), Geomys tuza (pi. 7, fig. 1), and G. arenarius 
(pi. 9, fig. 1); and (2) those in which the space between the temporal 
impressions (the sagittal area) is thickened and as high as the impres- 
sions, which thus appear as ridges only when looked at from the outer 
side, as in Geomys hreviceps (pi. 9, hg. 0) and Cratogeoinys oreocetes and 
peregrinus (pi. 8, figs. 2 and 3). 

The lamMoid crest is broadly and gently convex ])osteriorly through- 
out the groui) (pis. 1, 2, 5-9, etc.), (except in Platygeomys^ in which genus 
(pi. 3 and pi. 11, lig. 4) it is strongly sinuous — forming a deep and broad 
reentrant angle on the median 'line, beyond which, on each side, it is 
first strongly convex backward and then slightly convex forward — the 
extreme nmst-oid ends (uirving backward as well as outward. The 
bones that take part in the formation of the lambdoid crest are the 
supraoccipital, squamosals, parietals, and interparietal. 

There is no ossified tentorium in the Geomyida\ 
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2. THK INDlVlDrAL HONKS. 

Ill the Geomyidw there are normally thirty-throe distinct bones in the 
skull, not counting the separate parts of the tympano-periotic capsule, 
the turbinated bones of the nasal chamber (which are reckoned with 
the bones to which they are attached) or the paired bones that coalesce 
before birth. The latter are the premaxilla?, niaxilhe, palatines, and 
frontals. 

The thirty-three bones that go to make up the skull (exclusive of the 
paired bones that are fused in the embryo) iire: 

Baaioccipital 1 | Vomer 1 

Pterygoid 2 

Palatine 1 



Basispheuoul 1 

Alispheiioid 2 



Exoccipital 2 

Supraoccipital 1 

Interparietiil 1 Maxiha 1 

Premaxilla 1 

Lachrymal ". 2 

Squamosal 2 Jujjal 2 

Parietal 2 ] Nasiil 2 

Prespbenoid 1 Periotic 2 

Orbi tosphenoid 2 Mandible 2 

Frontal 1 — 

Ethmoid 1 I 33 

The hasioccipitalis commonly trune^te-wedge-shaped, with the ik>8- 
terior edge (hasion) rather deeply notched. Its posterior corners enter 





Fio. 5.— Basioccii^ital of Cratogeomyt merriami, showing difffivneo iu form of upper and lower snr- 
faceg (ankylomnl cxocclpitals 'shown also): a, inferior surface; b, superior surface; pp, paroccipital 
process. 

very slightly into the formation of the occipital condyles. The inferior 
surface of the body of the basioccipitalis normally broader posteriorly 
than anteriorly and the decrease in breadjth from behind. forward is 
gradual (pi. 12, fig. 2, a^; but in one spec'ies, CratogeomyH ca^iunopSjthe 
body of the bone is rectangular, its sides being parallel (pi. 12, fig.l, a). 
In another, Orthogeomys scalops, they may be nearly parallel or even 
slightly divergent anteriorly (pL 19, fig. 2). The basioccipital varies 
in breadth according to the development of the audital bullae, by which 
its sides are always more or less excavated. Its outer borders are 
usually grooved to receive a projection .from the bulla. The superior 
surface (on floor of brain case) is always narrower than the inferior 
surface. The diflference is very marked in some species (see f\g. 5, a and 
b). The basioccipital early ankyloses with the oxoccipitals,* but usually 

* The exoccipitals coossify with tlie 1>a8ioecipital very early in Zygogeomyt and 
Geomj/8 proper ; Homewhat later in Cratogeomifa, Plat ygeomy 8, and Ifeterogeomya. 
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remains distinct from the busisplienoid, with wliieli it unik»8 by syn- 
chondrosis. 

The exoceipitalH form the whole of the condyles except the extreme 
lower ends, into which the outer corners of the basioccipital enter. 
They early ankylose with the basioccipital, forming a single bone long 
before the animal becomes adult. No part of the exoccipital ever pro- 
jects downward below tlie plane of the condyles. Tlie paroccipital 
processes stand out sideways and impinge upon the base of the mas- 
toid bulla immediately behind the audital bulla; they are commonly 
more or less flattened and expanded, and their distal ends often pro- 
ject backward (fig. 12, ^>^). In Flatygeomys they attain their maximum 
development and form the lateral parieties of a deep basin-shaped 
depression, the upi)er boundary of which is formed by the backward 
projecting lambdoid crest (pi. 15, fig. 7). The exoccipitals are in contact 
anteriorly with the mastoid bulhe and periotic capsules, which they 
partly overlap. Viewed from behind, they form the inner boundary 
of the exposed part of the mastoid bulhe. Vertically they reach the 
upper edge of the foramen magnum, and their upper border forms 
nearly a straight line across the plane of the occiput. 

The supraoccipital forms a small part of the roof of the brain case 
and the greater i)art of the occipital plane, comprising all of the occi- 
pital element above the foramen magnum. On the top of the skull it 
reaches much farther forward in Platygeomys than in the other genera, 
(fig. 53, /jo), but is usually nearly concealed in adult life by being over- 
lapped by the parietal and squamosal. On the occipital plane its 
inferior border forms the superior boundary of the foramen magnum; 
its outer sides curve around the basal part of the exposed mastoid 
bullae, though rarely reaching laterally as far as the free ends of the 
mastoids. Anteriorly the supraoccipital articulates with the squamo- 
sals and parietals, and with the interparietal also in those cases in 
which the latter bone has an independent existence. [As a rule the 
interparietal is not separate from the supraoccipital.] 

The interparietal^ which has proved of considerable importance in 
furnishing specific charac^ters in the Heteromyidw, is small and of little 
consequence in most species of Geomyidw^ except in the single genus 
Thomomys. Even in very early life it forms an inseparable part of the 
supraocciptial in the castanops series of Cratogeomys, in Platygeomys 
gymnurusy in the huntarius series of Geomys proper, and in Pappogeomys, 
HeterogeomySj and Zygogeomytt. It is distinct all around in early life in 
most S])ecies of TliomomySj in the merriami series of Gratogeomytt, in the 
tuza series of Geomys i)roper, in Geomys texensis and breviceps^ in Platy- 
geomys tylorhinus and planiveps^ but not in P. gymnurus. From its varia- 
bility in closely related species it is evidently of little importance for 
purposes of classification, though its vjilue in Thomomys is much greater 
than in any of the other genera; and it is of some value in the restricted 
genus Geomys also. In the young it is commonly subquadrate or 
brojully oval and of relatively large size, but with advancing age it 
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be<?omes Kiuivller nud ii»rix>wly tmuf^nlar or w(>ilgv-8liai>e(l, its outer 
borders buing ri'sorbed Jrom iire.snure of tliB purietiilK, wliicli arc vou- 
stuntly crowding toward the iiiediaD line. Thus in PUitygeomyit tylo- 
rhintis several skulls from tim same loitality (Tula. Hidalgo, Mexico) 
present ttie followinff variatioDS in the inter[)iirietn): 



O Q 



A 



A 




A yer>' yotint; male (tig. 0, a, No. iil8S2] has it roughly sulxjuadrate 
and broader tliau long; aii immature but older female (fig. 6b, No. 
.'>1884) has it of tbe sanio shaiie, but narrower aud longer than broail ; 
a still older ajteciineu (lig. No, <», c) lias it broadly triangular; while an 
adult (fig. (i, (J, No. alSS3, S ) has it reduced to a small wedgc-shapeil 
piece Kqueeze<l in between tbe hiuder (.>dges of the purietals. 

In the young of Zygotiewnyn trichoptis the interiiarietal is even larger 
than in Plalggcomi/n tgloikiniiit, and is about twice as broad aa loitg 
(measuring 8 mm. in breadth in Xo, .TOllU juv, lig. 15, «). In sliai>e it is 
broadly convex antcriorily and slightly (Hatly) convex posteriorly. 
The progressive develojiment of the powerful teni))oraI muscles witli 
consequent enlargement of the pmietals jiosteriorly encroach upon its 
size and change it^ sliai>e, pressing it into an cquilateriil triangle (as iu 
No. 4718<> i im., flg. 15, ft). Its size now decreases rapidly, and as tbe 
temporal impressions meet in a well-developed sagittal crest in tbe 
adult skull it nearly or quite disappears fi-om the upper surface of tbe 
cranium (as in No. r^OlOO S ad., tig. 15, c). 

The interparietal "s «»)re stable in form in several of the species of 
the restricted genus (leitmyH than in any of tbe other genera under con- 
sideration. Tins is due chiefly to tbe circumstance that in this genua 
several species have permanently distant temporal impi-essioua — for 
nothing is so destructive to an intcr|iarietal as the development of a 
sagittal <Tcst. In the sjiecies [lossessing a crest (frMrsaWiM, htte»cea», 
peraonatus, faliax, andmobilemiii) the interparietal is normally reduced 
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iu adalt life to an iDconspicuous subtriangular wedge. In the species 
having a permanent sagittal area it remains of considerable size and 
its form is reasonably constant. In O, arenarius it is normally sub- 
quadrate, though the anterior border may become convex from rounding 
off of the corners, and it is always truncate behind and persists in old 
age (pi. 9, fig. 1). In G. texenms it is normally elliptical or oval (broader 
than long) and convex posteriorly as well as anteriorly, projecting 
nearly as far behind as in front of the lambdoid suture (pi. 9, tig. 2). 
In O. hrevicep8 it is usually reduced to a highly irregular ' wormian' 
bone, much cut up by contortions of the sutures (pi. 9, fig. 6). In O. tuza 
it is very large, occupying nearly half of the broa<l sagittal area, and is 
convex in front, truncate behind (tig. 6e). In the closely related G. 
mobilensiif it is deeply notched behind and is encroached upon and 
finally nearly obliterated by the union of the temi)oral ridges (fig. 6,/ 
and g). 

The hdsisphenoid is invariably ankylosed with the alisphenoids and 
pterygoids, even in early life, and sooner or later usually coossifies 
with the presphenoid; it commonly, though not always, remains dis- 
tinct from the basioccipital. Its vertical height is genenally greater 
than its breadth, and air cells commonly develop in its substance 
(fig. 7, hs). Its chief peculiarity is the slight development of the pitu- 
itary fossa, which ordinarily is so shallow as to escape notice. But in 
Heterogeomys it is a real depression, and in H. kispidus it is normally a 
pit and completely perforates the bone. In the related species, JBT. tor- 
ridusj it is much less conspicuous and never x>erforate8 (so far as the 
series of 26 skulls goes). 

The basisphenoid articulates with the basioccipital, presx)henoid, 
alisphenoids (by ankylosis), pterygoids (by ankylosis), and vertical 
plates of the palatines (by contact antero-inferiorly — see fig. 7). 

The aliftphenoid is a very important bone, serving to bind firmly 
together the middle segment of the vault of the cranium with the pos- 
terior part of the upper jaw, and to anchor both securely to the basi- 
cranial axis. It maybe described as consisting of three pjirts, (1) a 
horizontal or transverse part, (2) an ascending wing^ and (3) a descending 
wing. 

(1) The transverse or horizontal part is little more than a narrow bar, 
inseparably connected with the middle of the outer side of the bas- 
isphenoid (figs. 9, as and 54, alh) ; it forms the floor of the brain case imme- 
diately in front of the periotic, and the roof of the posterior part of the 
pterygoid fossa, the anterior part being uncovered. In passing outward 
it bifurcates to inclose the large longitudinal alisphenoid canal, above 
which it becomes continuous with the ascending wing, and below with 
the descending wing. Posteriorly, the base of the horizontal part of 
the alisphenoid is excavated, and usually presents a cup-shaped enlarge- 
ment to receive the apex of the audital bulla. It also descends alongside 
the basioccipital to unite with the pterygoid posteriorly. 
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(2) The tucending wing of tlio attsphenoid differs widely in form sh 
viewed from the iitside or outside of tUe braiu vase. On the outer side 
of the sknll (tig. 4, as) it i» a long rectamgular blade ascending 
obliquely in front of the squiimosal, with the anterior border of which it 
articnlates. It also overlaps the posterior part of the orbital face of 
the frontal, rising nearly to the upper sarface of the skull, which it some- 
times reaches. The upper part is always roughened, and, with the ovw- 
lajiping edge of the squamossil, forms an oblique postorbiCal ridge or 
prominence. Sometimes the apex pushes up to the top of the sbull, 
where it is thickened and forms the major part of a distinct jwstoritfoJ 
process, resting on the frontal, and overlapped posteriorly by the autero- 
esterual corner of the squamosal. This process attains its highest 
development in Macrogeomys (see pi. 11, fig. 2, and text fig. 17'). Pos- 
teriorly the ascending wing is extensively overlapped by the sqoamoaal, 
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as appears when examined from the inner side of the brain case (fig. 7, 
ax). Therefore, while the outer face is an obliquely vertical plate, with 
essentially parallel sides, the inner face is elongated horizontally, with 
an iri-egularly convex upper border — the difference being due to the fact 
that the outer side overlaps the fix>ntal anteriorly ami is overIapi>ed b/ 
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the s(iuamosal posteriorly. The alisplieuoid may be separated from 
the orbitospbenoid a« in Heterogeomys and Oeomys (pi. 17, tigs. 1 and 3), 
or the two bones may be in contact anteriorly as in Cmtogeomys (j)l. 17, 
tig. 5, and text fig. 9), or they may be firmly and broadly ankylosed 
together as in Zygogeomys (pi. 17, fig. 2). 

(3) The descending icing of the alisphenoidy on the onter side of the 
skull, is a flattened plate continuous in breadth, plane, and direction 
with the ascending wing, and passing obliquely downward and back- 
ward between the posterior border of the maxilla and the antero- 
inferior edge of the squan\osal (fig. 4, as, lower pointer). Ante- 
riorly it forms the outer wall of the pterygoid fossa; posteriorly it 
overlaps the external pterygoid plate of the palatine. It articulators 
with the maxilla, palatine, and squamosal; and is pierced by two fora- 
mina, the/oramen rotundum and the foramen ovale, which, in rare ca^es, 
njerge into one. '^he foramen rotundum (fig; 4^) is. very much larger 
than the foramen ovale, and is situated immediately below the anterior 
end of the squamosal root of the zygoma. It opens into the anterior 
part of the large alisphenoid canal, and sometimes also directly into the 
deep sphenoid fossa of the floor of the brain case. In Geomys proper it 
is higher up than usual and consequently opens downward into the 
alisphenoid canal. The foramen ovale ( fig. 4^ ) is a small slit-like 
opening beneath the foramen rotundum; it opens obliquely upward 
(and usually backward) into the lower part of the alisphenoid canal. 
The forameyi ovale i)resent8 considerable variation in its position and 
relations, affording characters of some value in separating the genera. 
In Cratogeomys it is near the anterior- border of the lower part of the 
alisphenoid, directly beneath the foramen rotundum and far-below the 
alisphenoid canal, which it reaches posteriorly by an obliquely upward 
and backward course. In Platygeomys and Heterogeomys it is simi* 
larly situated, except that it is nearer the middle than the anteiior bor- 
der of the descending wing of the alisphenoid, and is decidedly nearer 
the alisphenoid canal and /oramen rotundum. In Heterogeomys it is 
not infrequently confluent on one side with the foramen rotundum. In 
Platygeomys it is somewhat posterior to the foramen rotundum and 
nearer it than in Heterogeomys. In Zygogeomys it is immediately below 
and close to the foramen rotundnm and sometimes confluent with it; 
it is high up and opens directly into the alisphenoid canal. In Oeomys 
proper it is high up also, and often becomes confluent with the fora- 
men rotundum (as in fig. 55*^). In the tuza series its size is unusually 
small. 

The alisphenoid as a whole articulates with the fi'ontal, squamosiil. 
maxilla, palatine, basisphenoid, pterygoid^ tympanic capsule, and in 
some genera with the orbitospbenoid also, 

The squamoml ia a Urge and highly Important bono In the Oeomyidw 
(flgs. ij 7| 8| and 0, aq). It overlaps to a oouaiderablo extent the other 
1>oiie9 of the parietiea of the braiu case, imparting* great i)ower of resist- 
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ance to tbe vault of the craniaiii. Aiitero-inferiorly it, articalates with 
tbe itlispUeiioid for its entire leiiKtb. PoatMo-inferiorly a long slit-like 
Tiicuity Bepnrat^it it from the aaditiil bulla, though in souie cases it is 
ill contact with parts of the bulla. Posteriorly it overspreads the 
suiMsrior face of the outer part of the supraoccipital and the mastoid 
bulla and sendu a lateral arm out sideways (the mastoid ami), wbieh 
overreaches ami articulates with the end of the mastoid process of the 
mastoid bulla. Sn|ierinrly it covers the posterior part of thefroutals 
and broadly overlaps tiie parictals for their entire length — actually con- 
cealing them iu one siieciea, Crntngeomys' merriami. The squaoiosal 
gives ofi' the itosterior root of* the zygoma, and articulates uith the 
Jugal, In Ztfffogeomgs trichopun and Miicroffcomgs coxtarieengis, owiug 
to the much-roduced size of* tlie jugal, the. squaniosaT arm reaches 
far forward and articulates directly with the maxilla — a moat excep- 
tional condition among mammals. Below the t«]uamosar root of the 
zygoma is the elongated and ill-defined f/lenoid fonna, whieh in com- 
pleted posteriorly and on tlie inner aide by the tympanic bulla. The 
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form of the postglenoid notch varies from broadly (J-Nhaped in Platy- 
geomy» aud some others to uari'owiy V'^'"^P<^(1 iiiOeomys hursariun. In 
Flatyijeomys &m\ Cratogeomyn the glenoid foasa ia produced anteriorly 
a long distance in front of the squamosal root of the zygoma. 

The mastoid arm of the squamosal enters the outer part of the occip- 
ital plane above the mastoid bulla and external to the supraoccipital, 
where it forms the whole thickness of the lanibdoid crest (se« pi, 16, 
tigs. 3, 4, 0, and 7), In HeUrogeoviya it is vertically expanded, takiug 
a more prominent part than usual in the occiput. The variations iu 
tbe squamosal are described later (pp. G6-67). 

The parielals complete the roof of the brain case posteriorly (fig. &,pa). 
They do not present any unusual variations in the Geomyida-; they over- 
lap the fronted anteriorly and tbe supraoccipital and interparietal poste- 
riorly, and are overlapped for their full length inferiorly by the squa- 
mosals, which in Cratogeomyn merriami graduallyovcrspre^ and conceal 
them. The i>arietals are always separate iu early life, but usually coa- 
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lesce in tlie adult. Tbe temporal imiiressioiis may remain permanently 
(lititant, deflning a sagittal area, or they may unite iu a promiiieut 
saj^ittal crest. 

The prespben(nd is a thiu vertical plate of bono bridging the gap 
betn-eeii tlie bnsispbenoid and mesetbmoid cartilage and supporting, 
from its superior surface, the lioiizontally flattened orbitosplienoids 
(tigs. 4, 7, and 9,p«"). It is perforated anteriorly by a rather large 
opening, which, being opposite the sphenoidal flssnre, enables one to see 
completely through the skull iit this point (figs. 40, 10', and 5.5'). A 
second fenestrum often exists behind the first, and iu Ortkogeomya one 
or two small perforations usually occur in front of it. Superiorly the 
presphenoid supports the orbitosphcnoidu (lig. &, os), with which it is 
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inseparably ankylosed ; anteriorly it abuts against the mesethmoid car- 
tilage and is iu contact with the ethmoid and usually the vomer; pos- 
teriorly it abuts against the bastsphenoid, with which it commonly 
becomes ankylosetl before the animal is fully adult. The ascending 

'In fiR. 9, wliicb is a yoting Bkiill, tlin iiresplienniil in i-ovored hy the orbitoBphe 
noids, making it appear very much broader tbaa it really is. 
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winpfs (vertical plates) of the pivlatiues clasi) the sides of the presphenoid 
iiiferiorly, rising anteriorly. The ends of the vomer reac*Ji it also, clasp- 
ing it laterally, but never underlying it as in many mammals. The pre- 
sphenoid ends anteriorly in a somewhat thickened head, with a disk- 
shaped cavity in front, which receives the hinder end of the mesethmoid 
cartilage. 

The orbitosphenoiih are a pair of thin horizontal shelves resting ax)on 
and invariably ankylosed to the upi>er border of the presphenoid, and 
articulating anteriorly with the orbital plate of the frontal (tig. 9, o«, 
and pi. 17). They are nornmlly perforated near the anterior border by 
the optic foramen (lig. 9, o/), but in Heterogeomys this foramen is incom- 
plete superiorly (pi. 17, fig. 1) except in the young. The antero-extemal 
corner sometimes protrudes through the sphenoidal fissure, bends up- 
ward, and slightly overlaps the posterior border of the descending wing 
of the frontal, appearing as a small scale in the bottom of the orbit. This 
is most often observed in young skulls. In Zygogeomya, PappogemnySj 
and some forms of TUomomys the ascending tongue of the orbitospbe- 
noid completely closes the upj)er part of the sphenoidal fissure, except 
a small point at its apex, which is left as a permanent foramen (pi. 18, 
fig. 2), and becomes ankylosed to the frontal anteriorly and the alisphe- 
noid posteriorly (pi. 17, fig. 2). With these exceptions it does not 
appear in the parieties of the cranium, though it may always be seen 
crossing the sphenoidal fissure, which it divides into two parts. Ante 
riorly the orbitosphenoid invariably articulates with the upper surface 
of the presphenoid and the descending wings of the frontal, as already 
stated, and sometimes also with the palatine, maxilla, and posterior 
edge of the cribriform plate; posteriorly it often touches the edge of 
the alisphenoid, to which it becomes fixed in Cratogeomynj OrthogeomySj 
PappogeomySj Zygogeomys, and some forms of Thomomys. 

The relations of the orbitosphenoids anteriorly vary in the several 
groups and in some cases are exceedingly diQicult to ascertain, owing 
to early ankylosis with the presphenoid. In Geomys hursariua the 
ascending wings of the palatine rise high on the sides of the presphe- 
noid and articulate broadly with the orbitosphenoids, but in most 
forms it is uncertain whether or not the palatine is reached. The uncer- 
tainty is due to the impossibility of determining how far the orbito- 
sphenoid descends anteriorly below the top of the presphenoid, with 
which it is inseparably fused. For the same reason it is uncertain 
whether or not the orbitosphenoids always reaeh the cribriform i>late of 
the ethmoid. They seem to do so in all cases along the median line, but 
I have been unable, even in very young skulls, to find the place of sepa. 
ration anteriorly between the orbitosj)henoids and i)re8phenoid. In 
those genera in which the descending or orbital plates of the ftH)ntal do 
not meet inferiorly behind the cribriform plate, the orbitosphenoids 
articulate broadly with the oribrit'orm (as in Pappogeomyi^ Orthog^otnyi^ 
aud Thomomys). 
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In Oeomya proper the orbitospbeuoids are narrower tbau in any of 
tbe other genera, and do not reach the alisphenoids. In Heterogeamys 
and Platygeoinys also they usually fall short of the alisphenoid^ though 
in extreme cases they sometimes cross the anterior edge of the 
alisphenoid. In Cratogeomys and Orthogeomys they articulate with the 
alisphenoid anteriorly for a short distance, but do not follow the upper 
part of the sphenoidal fissure, though in Orthogeomys they sometimes 
send a tongue upward covering part of the fissure. In Pappogeomys 
and some species of Thomomys they go. a step further, articulating 
firmly and broadly with the alisphenoid and normally (^losing the 
greater part of the sphenoidal fissure above the plane of the presphe- 
noid. Zygogeomya presents a still more extreme phase, the orbito- 
sphenoid almost completely closing the upper part of the sphenoidal 
fissure and ankylosing broadly with the alisphenoids. From what has 
been said it must be clear that the orbitospbeuoids play a more 
important part than any other bones in determining the form of the 
floor of the brain case, for the reason that by their expansion or con- 
traetion anteriorly they completely change the size and shai>e of the 
sphenoid fossa, which is the most conspicuous of the variable land- 
marks of the floor of the brain case, as may be seen on consulting pi. 17. 

The frontalit coalesce very early (probably before birth), forming a 
single large bone (fig. 8,/r) which constitutes tbe middle third of the 
upper surface of the skull and dips deeply into tbe orbits, where it 
makes important connections with the maxilla and other bones. It 
forms the roof of the olfactory chamber of tbe nasal cavity, and the 
roof and part of the side walls of the anterior segment of the brain case. 
The main body of tbe frontal articulates anteriorly with the ethmoid, 
nasals, premaxilla, maxilla, and lachrymals, and posteriorly with the 
parietals, squamosals, and alisphenoids. It is so extensively over- 
lapped by the alisphenoids and squamosals that when viewed from the 
outside it appears much smaller than it really is. 

The descending or orbital processes of tbe frontal (figs. 4, ofr, and 
9,/ro) reach far downward, burying themselves deeply among the bones 
of the base of the cranium and faee. They articulate with tbe anterior 
border of the orbitospbeuoids, clasp tbe sides of tbe prespbenoid and 
palatines anteriorly, and articulate firmly with tbe maxillaries. Ante- 
riorly, except in Thomomys, Pappogeomys (fig. 50), and Orthogeomys, they 
completely encircle the cribriform plate of the ethmoid (with which 
they early unite by ankylosis) and meet in the median line below it, 
thus reaching around the olfactory lobes of the brain case and forming 
the floor as well as tbe roof and sides of tbe olfactory fossa. At tbe point 
where the two arms come together in tbe median line, at the posterior 
base of the cribriform plate, a small opening is commonly left which 
remains as a perforating foramen passing obhquely forward and down- 
ward between the prespbenoid and mesethmoid plate, and opening 
anteriorly into the olfactory chamber of the nasal cavity immediately 
7433— No. 8 4 



50 NORTH AMERICAN FAUNA. [wo. 8. 

behind the lower part of the fourth eudoturbinals. In Thomomys (fig. 
61), and in the young of most of the other genera (as in CratogeotnySj^g. 
9,/ro), the orbital plates of the frontal are separated inferiorly by tbe 
orbitosphenoids. The variations in the form of the frontal are described 
further on (p. G5 and fig. 17). 

The ethmoid is a highly complicated bone occupying the posterior 
part of the olfactory chamber of the nasal cavity, which it completely 
separates from the brain case. No part of it api)ears on the outside of 
the skull. It maybe described under five heads: (1) the cribriform 
plate; (2) the mesethmoid; (3) the on planum; (4) the ectidnrlnnalsj and 
(5) the endoturbinals. There is no apparent ^crista galli' in the Geom- 
yidw. [The naso- and maxillo-turbiniils are completely detached, and 
are described under the bones to which they are re8i)ectively ankylosed, 
namely, the nasal and ])rema^illa.j 

(1) The cribriform plate is a transverse perforated partition, separat- 
ing the olfactory fossa of the brain case from the olfactory chamber 
of the nasal cavity (fig. 9, cr). It is nearly circular in outline and 
slopes or curves forward from the base upward. Posteriorly, in most 
of the genera, its entire circumference articulates (and early anky- 
loses) with the frontals, which usually separate it inferiorly from the 
orbitosphenoids, though the latter may always reaeh it near the me- 
dian line by pushing forward beneath the frontals. To its anterior 
face are attached the ectoturbinaU^ endotnrhinalSj and mesethmoid. 

(2) The mesethmoid bone, or perpendicular plate of the ethmoid, is a 
longitudinal median partition incompletely dividing the olfactory cham- 
ber into two parts ( fig. 7, 7ne). Its superior border is firmly and insep- 
arably ankylosed to the frontal; its posterior to the cribriform plate. 
Autero-inferiorly it abuts against the cartilaginous mesethmoid, which 
latter reaches forward from the i)resphenoid and is embraced between 
the lateral wings of the vomer, completing the partition between the 
two sides of the olfactory chamber. The shape of the bony lamella 
varies in the different groups and seems to be quite constant in mem- 
bers of the same genus. In Cratogeomys (pi. 18, fig. 4), Orthogeomys 
(fig. 60;, and Geomys proper (pi. 18, tig. 1), it is somewhat like a half 
crescent, with the base above, and the apex pointing to the end of the 
presphenoid, the anterior border being convex downward. In Platy- 
geomys it is similar, except that the upper part is strongly rounded 
anteriorly, the upper edge being shorter than that part of the lamella 
immediately below it (pi. 18, tig. 5). In lieterogeomys it is relatively 
small and strongly convex anteriorly (pi. 18, fig. 3). In Zygogeomys it is 
nearly rectangular and the front edge is nearly straight (pi. 18, fig. 2). 
In Pappageomys (tig. 57) it is higher than long, and its inferior border 
dips down between the wings of the vomer — a unique condition. 

(3) The OS planum is a thin sheet of bone which lines the posterior 
part of the olfactory chamber (tig. 10, op). It supports the endoturbi- 
nalsand binds them together (as may be seen by ccmsulting fig. 10 and 
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1>1. ly, flys. 3, 4, and 5 of Oeomys bursariuji, HeUrogeomys, ami Zygogeo- 
my«). Iiiferiorly it articulates with tlie vertical lamella of the niaxillaiy 
Trliich lines the nasal passage, and with the anterior ends of the ascend- 
ing wines of the palatines. Near its lower boi-der (just below the foarth 
turhiual), it gives off a lateral slielt', which is iirmly aukylosed to the 
outer Bide of th« posterior third of vomer. In Cratogeomyg its antero- 
inferior border is cat off close to the turbiuol folds, giving the latter a 
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particularly neat and finished api)earance (pi. li>, flg. 0). In Qeomya 
ftiirj«ariti«, on the other hand, it falls directly downward from the first 
tiirbinal, projecting as a thin sheet considerably iu t^nt of the others 
(fig. 10 and pi. 19, fig. 3). 
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(4) The ecioturbinals * arise from the upper and outer corners of the 
cribriforui plate and occupy a small chamber at the maxillary root of 
the zygoma, incased chiefly by the frontal and maxillarybones. When 
the lachrymal is removed, they may be seen from the orbital side. 

(5) The endoiurhinals •arise from the outer sides of the anterior face 
of the cribriform plate (on the inner side of the ectoturbinals) and pro- 
ject into the nasal chamber (fig. 10). They are four in number through- 
out the family. Their outer sides are continuous with and form a part 
of the 08 planum. The first or uppermost is always the largest, longest, 
and most broadly expanded anteriorly. The others decrease in length 
from above downward, and are broadest in the middle or posteriorly. 
The fourth or lowermost is broader and shorter than the two middle ones. 
The first or uppermost is the only one that need be considered from the 
standpoint of variation of form in the several groups. Its front border 
usually slopes strongly backward (from above downward), as in Platygeo- 
my 8^ Cratogeomy8, and Zygogeomy8; but in H€ierogeomy8 it is straight or 
slightly emarginate, vertical, and very broad, and carries with it the 
second fold (see pi. 19, fig. 5). In Platyg€omy8 it is long and relatively 
slender, and its apex projects anteriorly behind the posterior border of 
the nasoturbinal (pi. 19, fig. 7). In Zygogeomy8 also it is iK)inted and 
projects far forward (pi. 19, fig. 4). In Oeomy8 bur8arius it is rather 
bluntly rounded (fig. 10, and pi. 19, fig. 3). 

The vomer is a long and narrow plate of bone, cleft above and bifur- 
cate posteriorly, which forms the lower part of the longitudinal verti- 
cal septum between the lateral chambers of the nasal cavity (fig. 7, v). 
It consists of a median plate and two wings. The median plate is 
embraced inferiorly between the wings of the vomerine sheath (which 
rises from the floor of the premaxilla and extreme anterior part of the 
maxilla). Superiorly it is split lengthwise from above, forming the two 
wings, between which the mesethmoid cartilage is received. These 
wings are narrowed posteriorly and reach the front end of the pre- 
spbenoid, which they clasp laterally, but they do not api)ear on the 
inferior surface of the presphenoid, as they do in most mammals. Pos- 
teriorly the wings of the vomer separate slightly and are not united 
inferiorly. On the outer side they are inseparcibly united with the 
08 planum just below the fourth endoturbinal, thus continuing ante- 
riorly the roof of the narial passage, which is here sharply separated 
from the olfactory chamber above. The vomer articulates witti the 
premaxilla, maxilla, ethmoid, presphenoid, and i)alatines. 

T\\e pterygoids are more or less quadrangular vertical plates, forming 
the lateral walls of the posterior nares (figs. 4 and 7, pt). Anteriorly 
they articulate with the vertical plates of the i)alatines ; superiorly they 
are firmly ankylosed to the basisphenoid, and usually also with the 
posterior downward extension of the transverse arm of the alisphenoid. 



''These terniH are adopted from Dr. Harrison Allen's admirable paper on the Eth- 
moid.— (Bull. MuB. Comp. Zool., Cambridge, X, No. 3, 1882, 136.) 
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They commonly develop a hamular process (figs. 4 aud 7, h)j which 
curves upward and reaches or nearly reaches the audital bulla (except 
in Heterogeomys), The inferior surface of the pterygoid is usually flat- 
tened, either horizontally or obliquely; it may be of uniform breadth 
(fig. IP), or much broader anteriorly than posteriorly (figs. 11^ and IV). 
It reaches its maximum length and slenderness in Zygogeomyn (fig. 11^); 
its maximum breadth and shortness in Macrogeomys (fig. IP). The 
two arms may be divergent posteriorly, convergent posteriorly, or par- 
allel. 
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Fio. 11. — Principal typen of palato-ptery golds. 

1. Zygogeomyt triehoput. 2. Geomyt luteseeii*. 3. Qeomy* hurtariut, 

4. ffeUroge(ymy» hUpidtu. 5. Macrogeomyt heterodus. 

In the share they take in the formation of the palato-pterygoid plates 
on the roof of the mouth, and the manner of articulation with the pal- 
atine bones, the pterygoids present five types, as follows: 

(1) They completely surround the postpalatal notch like a horseshoe, 
meeting or so nearly meeting anteriorly that at most a narrow spicule 
of the palatine reaches the notch in the median line. This type occurs 
in the genus Zygogeomys only (fig. 11'). 

(2) They form the whole or practically the whole of the sides of the 
I)ostpalatal notch, but are separated anteriorly by the full breadth of 
the notch itself. This is the commonest type and prevails in the genera 
Oeomys BudCratogeomys (fig. IP). 

(3) They are lingulat'e in shape and do not reach the base of the post- 
palatal notch, the palatine bones extending out a considerable distance 
to meet them. This is the ordinary condition in Oeomys bursaritis (fig. 
IP). 

(4) They are very much reduced, forming only the terminal part of 
the palato-pterygoid plates, the palatine part of which is greatly elon- 
gated. This condition obtains in HeferogeomyH (fig. IV). 

(5) They are short, broad, and abruptly upturned, cai)ping the ends 
of the very broad palatines. This type is restricted to Maorogeomys 

(fig. 11'). 

The palatine bones contribute an insignificant part to the external 

surface of the skull (fig. 1^, i>I), but internally their connections are 

extensive and important (fig. 7, ply and fig. 10, pi and ap). They early 

unite (probably before birth) in the median line, forming a single bone, 

which may be described as consisting of a body, two vertical plates, and 

two lateral wings or external ptergoid plates. The body or horizontal 
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part enters the roof of the mouth posteriorly, forming a wedge between 
the hinder j)art of tlie nnixilhiries, and never reaching farther forward 
than the middle niohirs (fig I2jpl). This part is <nit away i>o8teriorly, so 
that its inferior surface is on two planes. Anteriorly it is contiuaous 
with the plane of the bony pala'.e; ix)steriorly with the pterygoids. 
The break in the palatines between these two planes occurs suddenly 
between the posterior molars, forming a step or pit on each side between 
the last molar and a median azygos projection of the piilate, which con- 
nects the two more gradually. Posteriorly the palatals may terminate 
opposite the anterior end of the postpalatal notch (as usual m Craio- 
geomys)^ or they may extend out a short distance beyond the apex of 
the notch (as in Geomys proper), or they may push back still farther, 
forming more than half of the side walls of the notch (as in Hetero- 
geomys) J or they may fail to reach the notch at all, the pterygoids com- 
ing forward to the median line (as in Zygogeomys). [See fig. 11 supra,] 

The vertical plates are thin lamelhe, which reach upward on each side 
from the body of the bone to the presphenoid, surrounding the middle 
8e(*tion of the iiarial passage between the maxilla and pterygoid (fig. 
7, pi). Their upper borders reach the basisphenoid anteriorly and ai^e in 
contact with the presphenoid for its entire length ; anteriorly they clasp 
the sides of the presphenoid and articulate with the ethmoid and 
frontiU — the descending [)roce8ses of the latter overlapping their ante 
rior prolongations. The front border of the vertical plate of the pala- 
tine, on the side of the narial passage, articulates with the correspond- 
ing part of the maxilla; the hinder border with the pterygoid. In 
Geomys bursariu^ the vertical plate rises anteriorly in an ascending tcing 
which hugs the i)resi)enoid anteriorly and articulates broadly with the 
orbitosphenoid, frontal, and maxilla (fig. 10, ap). 

Posteriorly the body of the palatine sends off, on each side, a lateral 
wing — the external pterygoid plate — which pushes its way around behind 
the maxilla and along the inner side of the descending wing of the 
alisphenoid as far as the point where the latter is Joined by the trans- 
verse arm of the same bone (immediately bellow the alisphenoid canal), 
and sometimes sends a si)icule backward to tin*, audital bulla (fig 12, tpl). 
The external i)terygoid plate of the palatine thus forms the outer wall 
of the pterygoid fossa inferiorly. It is completely overlapped exter- 
nally by the descending wing of the alisphenoid, except along its infe- 
rior margin, which projects slightly below the alisphenoid, thus appear- 
ing on the outer side of the skull (fig. 4, ipl). 

Tlie palatines articulate with the maxilla, pterygoids, alisphenoids, 
basisphenoid, i)resplieuoid, frontals, vomer, and ethmoids and some- 
tinies also within the orbitosphenoids and the tympanic bulhe. 

The mojiiUa is the largest, and after the ethmoid the most compli- 
cated bone of the skull, and comprises, roughly speaking, about one- 
third of the entire cranium {fi^, 12, mx). It primarily consists of two 
parts, which are firmly unitetl by ankylosis in very early life (probably 
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before birtli), forming a single strong bone for the support of the grind- 
ing tteth. It artieuhttca witli nearly all the bonea of the face and with 
those of the anterior segment of tlm brain case, as follows : Anteriorly 
with the pretnaxilla, ethmoid and lachrymals; superiorly with the pre- 
sphenoid and frontal; posterioily with the palatines and alisphenoid, 
and externally with the jugals. The maxilla forms nearly the whole 
of the roof of the mouth, the palatines entering it merely as a wedge 
from behind. The densest and hanlest part of the skull, after the 
floor of the iircoiaxilla, is the median i)art of the maxilla between the 




molarifomi teeth. The infraorbif-al cansil is deeply imbedded in the 
maxilla and is very long, reaehing back from near the premaxillary 
snture on the side of the muzzle to the bottom of the orbit. In the 
Qeomyidm it never perforates the zygomatic root of the maxilla, but 
passes deeply behind it. 

The maxilla gives olt' anteriorly a vertical lamella, which rises from 
the median line of the floor of tlie nasiil chamber and projects forward 
a short distance into the i>osterior part of the vomerine sheath of the 
premaxilla (fig. 13, ms). It is split lengthwise to receive the ]>08tenor 
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part of tlie mediau plate of the vomer, but the reHulting winf^ do not 
spread apart as iti the premaxillary pai-t of tlio vomerine sheath. 

On each side of the nasal passage the body of the maxilla gives off 
a thill vertical plate or lamella, which may be termed the interitat ver- 
tical plate of the maxtUa. It forms a lining for the narial passage and 
articulates above with the lower edge of tlie oa planum of the eudo- 
turbinal. The infraorbital canal jiasses for nearly its entire length 
between thi» thin plate and the main part of tbe maxilla. 

The premojnlla is a single I>one in the Oeomyida (its two halves anit- 
ing before birtb, Ag. 12, pmjr). It constitutes the greater part of the 
rostrum and forms the door and lateral walls of the anterior half of the 
nasal chamber. Superiorly it embraces the nasals and articulates with 
the frontal and the maxillary root of the zygoma; laterally it articu- 
lates with the outer side of the maxilla a little anterior to the plane of 
the infrHorbit;il foramen; inferiorly it articulates with the maxilla 
posterior to the middle of the rostrum, and reaches far enough back- 
ward to inclose the incistPe foramina (fig. 12, if) in all except Zyg9- 
geomyn trichopus. Anteriorly it is perforated on the median line by tlte 
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anterior palatine foramen, which descends from the floor of the nasal 
chamber to the roof of tlio mouth, inunediately behind the incisors 
{figs. 7, 10 and 13 '). On the inner side it supiiorts the mtmlio-ttu-fttnab 
and the romerine shvath, wWich latler strnctnre attaius a high devel- 
opment in this ^roup, particularly iu Platj/jicomys and Cratogeomya. 

The vomerine nheath (fig. i:t, r«) is a double lamella rising IVoin the 
floor of the premaxilla on the median line and projecting into the nasal 
cavity. It is elongated an tero- posteriorly, reaching from the hinder 
end of the premaxilla forward over half or two-thirds the floor of 
the bone. Posteriorly it receives tbe anterior end of the corresponding 
(but very much smaller and narrower) iiart of the maxilla; superiorly 
it receives the median vertical plate of the vomer. 
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The maxilloturhinalj or inferior turbinated bone (figs. 7, 10, and 13, mt)j 
is the lower of the two turbinated bones of the anterior half of the 
nasal cavity (the upper being attached to the nasal). It is nearly hori- 
zontal, though usually sloping downward posteriorly, and is attached 
to the middle part of the inner side of the premaxilla^.its free posterior 
end projects slightly over the front of the maxilla. 

The premaxilla articulates with the nasals, frontal, maxilla, vomer, 
and ethmoid. 

The jugal completes the zygomatic arch, and is always restricted to 
the horizontal part, never reaching down posteriorly into the glenoid 
fossa, and never creeping up anteriorly toward the lachrymal (figs. 
9 and 12, j). But its variations in size and form are remarkable (fig. 14 
and pi. 13). In some species it is very large and broadly expanded 
anteriorly (fig. 14^); in others it is reduced to an insignificant splint, 
and the zygomatic arch is complete without it (fig. 14®). It is com- 
monly larger and broader in the male than the female, and sometimes 









Fio. 14.— Left sygoma, sbowisg several types of jngal. 



1. PUUygeomyt tylarhinut. 

2. Heterogeomyt hispidiu. 

3. Macrogeomyi heterodu*. 



4. Oeomyt burtariut. 

5. Cratogeomyi perotenni, 

6. Zygogeomyt triehopus. 



varies greatly in species of the same genus and even in the same sec- 
tion. Thus, in Platygeomys it is greatly expanded in gymnuru^ and 
tylorhinuSy and is slender throughout in planiceps. Similarly, in Crato- 
geomys it is broad anteriorly in merriamij fulveseens^ and castanopsy 
while in perotensis it is slender and small in every way. 

The lachrymal is a small L-shaped bone, consisting of a vertical scale- 
like part, which closes the vacuity between the frontal and maxillary 
root of the zygoma at the inner corner of the orbit; aud a thickened 
horizontal part which projects outward from the frontal on the upper 
surface of the skull and articulates also with the m<axillary root of the 
zygoma. Its distal end is sometimes elongated and slightly recurved, 
and projects freely over the corner of the orbit. The principal or ver- 
tical part of the lachrymal is grooved vertically on its outer side, just 
anterior to the orbital face, for the lachrymal duct which passes down 
into the nasal chamber. 

The na^al bones fill the interspace between the ascending arms of 
the premaxilla on top of the rostrum, thus completiug the roof of the 
nasal cavity, which they slightly overhang anteriorly (figs. 8 and 9,n). 
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They are cominoiily ankylosed together in middle life, and not infre- 
quently become ankylosed to the frontals also. Their actnal length 
varies greatly in the different species. They are shortest in Cratogeo- 
mys estor and longest in Zyi/ogcomys trichopus and Oeomyn tuza. They 
are commonly truncate wedge-shaped ; the increase in breadth from 
behind forward may be gradual or abrupt. In the latter case the expan- 
sion is usually near the midille. In the Geomyn tuza group the shape 
of the nasals is peculiar. They are very long and are constricted near 
the middle, giving them an hour-glass shape. In most of the genera 
{OeomySy Cratogeomys^ Platygeomys^ Zygogeomys) the nasals are nearly 
flat, though they are always more or less decurved anteriorly and 
rounded off laterally in front. But in some groups (notably in Hetero- 
geomys) they are broadly and highly arched anteriorly, giving them 
an inflated appearance. This elevated part of the nasal supports the 
naked nasal pad or callosity. Inferiorly the nasals give off a descend- 
ing lamella, the naHOfurbinalhonej which is elongated antero-posteriorly 
and is broadest behind. 

The nasals articulate with the premaxilla, frontal, and ethmoid. 

The tympano- peri otic capnule incompletely fills a broad gap in the 
posterior segment of the skull, between the basioccipital and squamosal 
(figs. 4, 7, and 0). It is held in phu»e by several bones with which its 
connection is more or less intimate, but is never ankylosed to any of 
them except in extreme age, when the mastoid process of the mastoid 
bulla sometimes unites with the mastoid process of the squamosal. Its 
principal stays are the exoccipital and the mastoid process of the squa- 
mosal, between which the mastoid bulla is firmly grasped iK)steriorly. 
In addition to these supports, the inner border of the audital bulla com- 
monly fits into a groove on the outer edge of the basioccipiUU, and the 
apex of the bulla rests against the base of the horizontal arm of the 
alisphenoid near its junction with the basisphenoid. The tympano- 
periotic mass as a whole thus has four normal attachments, two of which 
hold it firmly in place, while the others simply steady it in its position. 
In old age the lower edge of the squamosal sometimes reaches the upper 
side of the bulla and presses firmly against it. 

The tympano per iotic capsule consists of three parts, firmly ankylosed 
together: (1) the tympanic^ or audital bulla; (2) the petrous^ or periotic 
proper; (3) and the mastoid bulla. Of these, the mastoid is posterior 
to the others, both of which are inseparably ankylosed to its anterior 
face. The tympanic protrudes from the base of the skull, forming the 
audital hulUv. The petrous projects into the brain case and contains the 
organ of hearing. No suture or other line of demarcation indicates 
the exact i^lace of meeting of the mastoid with either the petrous or 
tympanic, but anteriorly the line of union between the two latter is 
always distinct. The three elements may be described as follows: 

(1) The tympanic or audital bulla is almost wholly inferior, projecting 
from the under surface of the outer segment of the cranium between the 
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basioccipital and squamosal ( figs. 4 and 12, tb). Anteriorly it is bounded 
by the foramen lacermn medium basts craniij in fi*ont of which is the 
transverse bar of the alisphenoid. Superiorly it is separated from the 
squamosal by a long, irregular vacuity reaching upward and backward 
from the foramen hicerum medium to the tube of the external meatus, 
which latter articulates with the squamosal. Posteriorly it abuts against 
the mastoid process of the squamosal above, and the exoccipital below, 
and is continuous with the mastoid bulla. Externally it sends off at 
right angles a long tube which partly fills the postglenoid notch and 
opens just behind the posterior angle of the zygoma (fig. 12, ma). This 
is the external auditory meatus (fig. 4*). The tube of the meatus 
curves forward and somewhat upward as well as outward, and forms 
the posterior boundary of the glenoid fossa, against which the condyle 
of the jaw strikes during the to and fro movement of mastication. The 
adjoining upper part of the outer side of the bulla forms the inner side 
of the glenoid fossa. It is thus apparent that this fossa, while mainly 
in the squamosal, is completed posteriorly by the tympanic bulla. The 
inner side of the bulla tits into a longitudinal groove on the outer edge 
of the body of the basioccipital, and the extreme anterior end just above 
the entrance of the Eustachian canal rests against the horizontal arm 
of the alisx)henoid, which sometimes, as in Cratogeomys, sends back a 
small tongue of bone to cover its apex. The canal for the internal 
carotid artery is absent. On the inferior surface, between the mastoid 
and tympanic bulhe, is a small opening, the stylomastoid foramen (fig. 
12, smf). The tymp.anic bulla arches over and protects the tympanum 
and the openings leading into the internal ear. 

(2). The petrous, or periotic proper, in which is lodged the organ of 
hearing, is not visible from the outcn* side of the skull, but is conspicu- 
ous on the inner side (figs, 7 and D, i>c<), where it is saddled upon the 
tympanic capsule, which it does not completely cover, a considerable 
part of the bulla protruding anteriorly (figs. 7 and 9, tb). The line of 
demarcation between the two is always evident. The anterior border 
of the petrous begins near the middle of the inferior margin of the 
inner surface of the bulla and curves upward and forward to the front 
end of the ridge that separates the inner from the superior surface of 
the bone. On the outer side of this ridge it turns back, forming a deep 
reentrant angle, at the apex of which is a small foramen. The petrous 
is commonly described as a very hard bone. It is not so in the GeomyidWy 
but is soft and spongy, being made up of cancellous tissue like the rest 
of the tympano periotic capsule. It contains the cochlea (coiled in a 
compact cone of 4i turns), the semicircular canals, and the three small 
bones of the internal ear — the malleus^ IncuSj and stapes. The i)etrous 
nnvy be described as presenting two surfaces, a superior and an inner. 
The superior surface is narrow, slopes downward from behind forward, 
and is scooped out lengthwise. It is more or less completely separated 
from the inner surface by a ridge, which in some forms is sharply 
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marked ; in others is inconspicuous. This ridge presents various degrees 
of development in the different groups. It is rounded off in Plaiy- 
geomyn, but is elevated into a distinct crest in CraiogeomyH^ Zygogeomys^ 
HeterogeomySj and Geomys proper (pis. 17 and 18). It usually reaches 
upward and backward to the upper part of the audital mass, but in 
Heterogeomys it fails posteriorly, but forms a sharply elevated ridge 
from the plane of the flocculus downward (pi. 18, fig. 3). The inner face 
of the petrous is always perforated by the internal auditory meatus (fig. 
7^ and tig. 9, ma), above which is a depression called the floccular 
fossa (fig. 7^ and fig. 9, ff). The floccular fossa varies in size and form 
in the several genera. Its position is always above and posterior to 
the internal meatus, from which it is separated by an elevation which 
sometimes amounts to a strongly developed ridge (see pis. 17 and 18). 
The ridge is marked in Cratogeomys, but not in PlatygeomySj Heterogeo- 
mys^ or Geomys proper. In Zygogeomys it is not only present, but a 
supplementary ridge bounds the floccular fossa posteriorly, leaving 
another de])ression behind it, so that the bone presents the appearance 
of having two floccular fossae (pi. 17, fig. 2, and pi. 18, fig. 2). 

(3) The mastoid bulla forms the hindermost part of the auditory 
apparatus (fig. 4, 7nb). It api)ears on the outer side of the occipital plane 
as a more or less rounded subtriangular mass, convex posteriorly, with 
the base toward the median line and the blunt apex (mastoid process 
proper, fig. 4, m) directed outward. It is grasped and held in place by 
the paroccipital process of the exoccipital below (figs. 4 and 12, pp), and 
the long mastoid process of the sf^uaniosal above (fig. 4, ms). The for- 
mer fits into a notch on the under side between the mastoid and audital 
bullfe. The latter reaches far outward and curves down upon the head 
of the mastoid process, which it overreaches enough to effectually opiK>se 
the action of the exoccipital. The mastoid bulla, viewed from behind, 
differs C/Onsiderably in form in the several genera, and presents specific 
differences also (pi. 15, figs. 3-7). It is short and rounded in Zygo- 
geomys and Gejomys (particularly in the tuza series). It is strongly 
triangular in Macrogeomys dolichocephalu4t; triangular with a con- 
stricted and elongated neck in M. heteroduSj and much produced 
laterally with the inferior bonier (•x)ncave in Platygeomys. Internally 
the mastoid bnlhi is nnide up of fine cancellous tissue. 

The mandible is usually a large and heavy bone, strongly marked by 
processes and ridges for the attachment of the powerful muscles that 
move it. To be understood, it sliould be studied as a part of the cut- 
ting and slicing machine, for it consists, on each side, of a curved 
beam or plate built expressly to carry the ponderous chisel-edged inci- 
sors and the series of parallel cutting blades of the lower molariform 
teeth. The two halves are joined together by an elongated symphysis 
which admits of a certain amount of movement, and the adjustment is 
aided by a transverse muscle which helps bind the jaws together above 
the posterior half of the symphysis. Each half of the mandible is 
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strongly and rather shortly curved upward longitudinally, and is 
broader behind than in front; it also curves outward. There is no 
separation into horizontal and ascending rami, although when viewed 
from the inner side the condylar and coronoid part might be regarded as 
forming an ascending ramus. The outer side gives off posteriorly, at 
right angles to its axis, a strongly defined angular process which is 
always important and in some forms, particularly in Flatygeomytty attains 
enormous proportions (pi. 10, fig. 8). Between the angular process and 
condyle is a subglobular prominence which covers the root of tlie long 
incisor. The coronoid process is broad at the base anteroposteriorly; 
its ax>ex is hamular and rises above the plane of the condyle. In some 
forms (notably in PlatygeomyH) a strong shelf-like ridge runs from the 
anterior base of the coronoid to the angular process. The masseteric 
fossa is always well defined and reaches anteriorly to the plane of the 
front of the premolar. On the outer side of the last two molars is a 
large and deep pit for the insertion of the principal part of the temporal 
muscle (pis. 1-7). The dental foramen enters the riimus just behind 
this pit and just below the condylar process. Behind the symphysis, 
inferiorly, is a flange-like prominence for the insertion of the digastric 
muscle. The princi])al differences in the form of the mandible as a 
whole result from the amount of spreading posteriorly and the degree 
of development of the angular processes. The various types, as seen 
from below, are shown on PI. 10. In some cases the base of the angular 
process is notched anteriorly, as in Geomys mobilensis (pl. 10, fig. 2.) 

3. CHANGES WITH AGE. 

Throughout the Oeomyidoc^ except in Fappogeomysj and some species 
of ThomomySy the form of the cranium as a whole, and the pattern of 
the sutures on the upper surface change greatly with age. The change 
marks the transition from immaturity to maturity — from the generalized 
type that stands for the group to the specialized type that bears the 
impress of the species. Wlien the skull of a species fails to show 
marked differences with age, that species may be set down as a gener- 
alized type — one that is probably but little removed from the ancestral 
line. For this reason Pappogeomys bulleri is looked upon as very near 
the trunk line of the group. 

The principal changes in the form of the skull as a whole resulting 
from age are: The broadening out of the zygomatic arches, elongation 

« 

of the rostrum, expansion of the squamosal, and development of the 
crests and ridges Jthat come with maturity. The anterior or maxillary 
root of the zygoma at first slopes strongly backward in all species, and 
the arches themselves are narrower anteriorly than ])osteriorly (as is 
the rule inadults of Thomomys). With advancing age thdj'^ spread apart 
anteriorly until in most species they are much broader anteriorly than 
posteriorly. At the same time the maxillary root stands out more and 
more squarely until it sometimes forms almost a right angle to the axis 
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of tlie skull. The remarkable growtli of the aqaamosal has bceu already 
describe*]. Before birth the ascending branches of the preiuaxilta 
end about on a i>Iane with the ua-salB (aonietimes anterior to it), but 
they soon push back over the tVoutaJs, attaining their permanent 
relations at an etirly age. The uiuzzle iucreaaea in length irom birth to 
maturity. Thin may be nmghl; expn>«8ed io tlie growth of the nasals 
asataownin the accompanying fignre (fig. 15). In a young skull of 
Zygogeomyn trichopus the nasiils form ;S7 percent uf the total length of 
the upper surface of the skull, while in an adult skull of the same spe- 
cies they form 44 [vercent of the total. The frontal, like the int«r- 
l)arietal, though to a less degree, snfi'i'rs trom the eucroaclinient of the 
parietals, and in some species from the inordinate growth of the squa- 
mosals also. lu youug ekolls the frontal is broad posteriorly and 




forms an important jiart of the roof of the brain case, a.s seen from above 
(figs. 8, 1.^(1, and 161)). In old skulls it is reduced jmsteriorly, in most 
8i>ecie3, to a small wedge between the greatly expanded anterior extrem- 
ities of the parietals and squamosals (see pi. 1 ; pi. la, fig. 2 ; and text 
flg. 15, c, for adults of same species figured in figs. 8, lu, a and Iti, b). 

The changes in the sutui-e pattern result mainly from the growth of 
the parietals both anteriorly and posteriorly, with consequent shrink- 
age of the interparietal, and the progressive development of the squa- 
mosal. The decrease in the size of the interparietal corresponds with 
the movement of the temporal impressions, which approximate with 
age, and in many species finally meet in a sagittal crest. The parietals 
not only tend to cover the interparietal by meeting posteriorly above 
it, but anteriorly they overlap the sides of the frontal, altering its shape 
entirely. The progressive development of the squamosals in some 
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species, aa elaewliere sliuwii, is even more remarkable than tbut of the 
puiietals. 




4. COOSSIKICATION OF THE TAIKEU HOSES. 

Nearly all the paired bones tliat meet in the median line become firmly 
ankylosed together before birth or in very early life. Those that are 
tbns coosaified are the preniasillarjes, inasillariex, palatiucs, parietats, 
&outals, and frequently the nasals also. Of these, all except the pai-ie- 
taU and nasals are ankylosed before birth (seo flys. 8 and 16), 

The single bones forming the basicranial axis are early ankylosed 
with the adjoining paired bones of the same segments. Thus the pre- 
sphenoid is inseparably united with theorbitosplienoids; the bnsisphe- 
noid with the alispheuoids and pterygoids; the basiowipital with the 
exoccipitals. The union of the lateral with the median elements of 
the sphenoidal segments occurs before birth ; that of the occipital seg- 
ment later. The exoccipitals are always distinct in early life (figs. 12 
arid 16), bnt soon become ankylosed with the basiocoipital below and 
the Bupraoccipital above. The latter, excejit in a few sjiet-ies, is insep- 
arable fnmi the interparietal. The parictalsin adult life are commonly 
ankylosed with the squamosals. 

5. CRANIAL VAHIATIONS— UEPAHTURES FBOM THE TKUXK LINE. 

In external api>earancc the members of the family (Seiimjiida; are very 
much alike, bat in cranial characters they present several marked gen- 
eric types. The skulls of these types ditl'er in si/e, massiveui'ss, and 
degree of development of the crests, ridges, and processes from the 
small, thin, and smoothly rounded sknllsof Oeomyn iexcnuu and bulleri 
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to the huge augalar crauiums of Platygeomyn gymnurus and Cratogeomys 
merriami; and the large, massive skulls differ in the breadth of the 
cranium and lateral production of the angle of the mandible from the 
extraordinarily broad and flat Platygeomys gymnurm to the long and 
narrow Orthogeomys ttcalops and Macrogeamys dolichocephalus. The skulls 
differ further — and this is much more imjwrtant — in the relative devel- 
opment and relations of certain bones which here assume proportions 
and conditions previously unknown. Most if not all of these remark- 
able extremes of form are clearly secondary modifications resulting 
flrom the highly specialized types of dental armature possessed by the 
animals, as shown later. 

The parts of the skull that exhibit the widest variation and play the 
most important part in giving to each type its peculiar impress or physi- 
ognomy are the zygomatic arches, the roofofthehraincnse, and the occipuL 
The individual bones that present the greatest range in size and form 
are the frontal^ squamosal, jugal, pterygoid, and mandible. 

The zygomatic arch varies exceedingly in size, form, and the relative 
development of its component elements, according to its imi)ortance 
as a support for the jugal part of the masseter muscle. It may be small 
and slender, with the horizontal part reduced to a mere rod, as in Pappo- 
geomys bulleri (pi. 13, fig. 15) and Orthogeomys latifrons (pi. 13, fig. 16), 
or it may be large and massive, with the angle and horizontal arm broadly 
expanded, as in Platygeomys (pi. 13, figs. 1 and 2), Cratogeomys (pL 13, 
fig. 4), and Heterogeomys (pi. 13, fig. 20). The area for the attachment 
of the jugal part of the masseter muscle may be small and xK)Sterior 
(fig. 49, jo), or large and extending the full length of the outer side of 
the zygoma (fig. 50, jo). The arches may be small and narrow with their 
outer sides nearly parallel, as in Macrogeomys dolichocephalus (pi. 5) and 
Orthogeomys scalops (pi. 19, fig. 1), or they may be massive, widely spread- 
ing, and broadly divergent anteriorly, as in Platygeomys (pi. 3) and 
Cratogeomys (pi. 2). The ratio of their breadth to the basal length of 
the skull varies f^om 54 percent in Macrogeomys dolichocephalus to 
upward of 9/^ percent in Platygeomys tylorhinus, a difference of 34 
percent. They may be slightly or strongly decurved; the horizontal 
part may be lowest anteriorly as in Platygeomys gymnurus (pi. 13, fig. 2), 
or highest anteriorly, as in 3£a^'ogeomys dolichocephalus (i)l. 13, fig. 19), 
and the angle may be small (pi. 13, figs. 15, 16, and 24) or broadly 
expanded (pi. 13, figs. 1, 2, 4, 17, and 18). The expansion, which 
normally covers the antero- external angle, as in Platygeomys, Crato- 
geomys, and Heterogeomys (pi. 13, figs. 1, 2, 4, etc.) may be drawn 
backward so as to occupy the middle part of the horizontal arm, 
as in Macrogeomys costaricensis and dolichocephalus (pi. 13, figs. 19 and 
23). In the latter the zygomatic arch presents a peculiarity not 
observed in any other member of the group. It is narrow, broadly 
rounded antero externally, without the expansion of the angle common 
to Cratogeomys, Platygeomys, and Heterogeomys, but with a moderate 
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expuusion near the middle of the horizontal arm. This expansion is 
wholly on the upper or orbital side, and is restricted to the maxillary 
part of the arch, which here reaches much farther back than usual. 
On comparing the arch carefully with that of Macrogeomys het^rodus a 
curious explanation is suggested, namely, that in the extreme elonga- 
tion of the skull of M, dolichocephalus the anterior root of the zygoma 
has been moved forward (the posterior root being fixed), increasing the 
length of the maxillary arm, decreasing the breadth of the arch, oblit- 
erating the autero-extewial angle, elongating the laminar expansion on 
the orbital side, and carrying its highest point backward to or behind the 
middle of the orbito- temporal fossa (pi. 13, lig. 19, and text fig. 49). At 
the same time the upper anterior angle of the jugal has been rounded oft', 
and the maxillary and squamosal arms of the zygoma have nearly clasped 
hands above it. Furthermore, the zygomatic arch as a whole has been 
lifted up by the main body of the masseter muscle and as a consequence 
the anterior end has been raised higher than the posterior {hg. 49, which 
should be contrasted with the corresponding view of Platytjeomys gym- 
nuru^j in which the front of the arch is drawn down, fig. 50). 

The form of the occiput as a whole varies considerably in the several 
groups. In the less s])ecialized forms, such as Geomys texemiif, arenariusy 
and brevkepsn and Pappogeomys bulleri (pi. 15, lig. 5), it is rounded and 
bulges posteriorly to siu'.h a degree that the lambdoid suture is left a 
considerable distance in front of it. In Zygogeomya, Cratogeomys, and 
Oeomyn hursariun and luteHcenSj the occipnt is squarely truncated. In 
Heterogeomys (pi. 15, fig. 4), Macrogeomys (pi. 15, fig. 3), and Orihogeomys 
it is rather high and slopes strongly forward; and in Heterogeomys it is 
particularly high above the mastoid bullie. In Platygeomys it is de- 
I>ressed and elongated transversely and presents a unique appearance, 
the broad flange-like paroccipital processes curving strongly backward, 
defining laterally a deep basin-shaped cavity which is completed above 
by the overhanging lambdoid crest (pi. 15, Hg. 7). 

The form of the frojital as seen from above varies greatly in the dif- 
ferent groups. In Geomysj CratogeomyH, Platygeomys^ and Zygogeomys it 
is narrow and is strongly biconcave between the orbits, with the orbital 
margins more or less thickened and raised, leaving a longitudinal 
depression or groove between them (fig. 17'). In Heterogeomys it is 
broad, flat on top, moderately bic^oncave between the orbits, and shield- 
shaped posteriorly, owing to the elevated temporal ridges ; but the 
orbital margins are not rounded, thickened, or raised (fig. 17^). In 
Macrogeomys it is moderately broad and deeply constricted between 
the orbits posteriorly. Immediately behind the constriction it expands 
abruptly at right angles to its axis, forming well-marked postorbital 
pro(!es8es which are capped by the apex of the alisphenoid and x)artly 
overlapi)ed posteriorly by the squamosal (fig. 17^). In Orthogeomys it 
is remarkably broad throughout and is not constricted between the 
orbits (fig. 17**), though the peculiar inflations at the anterior corners 
7433— No. 8 5 
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of tbe orbits in 0. ffrandin prodnce tlie appttarauce of a coDStriction 
behiud them. 

The jugal varies in size and shape from the large and greatly 
expanded plate that foriDH the major part of the outer side of the zygo- 
matic arch in Piatygmmys iylorhinm (pi. 13, fig. 1), to the rudimentary 
splint or scale that adheres to the inferior side of tbe zygoma in Zygo- 
geomyg trichopua, the arch being complete above withoat it (pL 13, 
fig. 1*4). 




Fio. 17. -TrpM 



1. Cratogeemit' nm-riamf. 

2. Htttnffinnyi (orndia. 
ab.Dlwiof ollaplieDold: {.Uchrymal; lui, iiiaillluiy root uf lygoma^ n. UAdj fmu. mwwndlng « 

iimbI bnnoh of iiremiiilia; ■'/. aiiiuunoaftl. 

The variation in tiie squamosal is hardly less extreme. Throughout the 
genus, except in the most geiierali/cd forms, this bone exhibits a singa- 
lar tendency toward expansion. Jn Geomys ])ropei the tendency is 
restricted to a slight overlapping of the postero-lateral moiety of the 
A'outal and lower edge of tbe i)arietals. But in the genus Crato- 
geomys its ambition in this direction is not satisfied until the whole of 
the jKJSterior half of the craniimi is coveriHl. In Cratogeomys merriami 
as the animal grows old the upper edges of the squamosals gradually 
creep up over the parietals until the latter are completely arched over 
and concealed, the siptamosals actually meeting above them along the 
median line. In doiug this the squamosals cover the posterior part of 
the frontal as well as ttie whole of the parietnls and most of tbe inter- 
parietal, and curve up jwsteriorly to take part in the formation of the 
lambdoid crest fur its entire length, thus rooQng the brain with two 
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distinct layers of bone, the upper of which on each side, consisting of 
a single bone, overlaps in whole or in part five bones of the lower layer 
(frontal, parietal, interparietal, supraoccipital, and alisphenoid). The 
object of this unique arrangement is not only to furnish a brace to the 
zygoma, to which the powerful masseter muscles are in large part 
attached, but also to strengthen the vault of the cranium where the 
huge temporal muscles take origin. The various steps in the develop- 
ment of this extraordinary condition can be distinctly traced in the 
series of skulls of dift'erent ages of Craiogeomys merriami collected by 
Mr. kelson in the Valley of Mexico. In Platygeomys another condition 
prevails, the squamosal expansion being chiefly atcay from the median 
line. On the inner side it overlaps the lower part of the parietals as 
usual; it then extends outward in a broad shelf, carrying the squa- 
mosal root of the zygoma far beyond its normal position, and spread- 
ing outward and backward so as to completely roof over the post- 
glenoid space, behind which it pushes still further outward and over- 
reaches the extreme end of the transversely elongated mastoid. In 
Plutygeotny^ ffjfmnuruSj tylorhinus, and plnnweps the lateral expansion is 
so excessive that the breadth of the cranium across the squamosals 
posteriorly is actually gieater than the breadth across the widely 
spreading zygomatic arches (pi. 3). 

The pterygoids vary surprisingly in size, form, and the extent to 
which the inferior ' surface enters into the lateral walls of the post- 
palatal notch, as already shown (pp. 62-53, and fig. 11). In Zygogeomys 
they are long and slender and encircle the notch like a horseshoe, meet- 
ing or nearly meeting in the median line behind the x)alate (pi. 14, fig. 1). 
Tn most species of Oeornys, Craiogeomysj PappogeomyH, and Orthogeomys 
they are more or less parallel plates forming the greater part of the walls 
of the notch but not approximating anteriorly (pi. 14, figs. 7, 11, 13, 
15). In Oeomys bursaritis they are more posterior, and taper to nearly 
a point behind, being Ungulate in shape (pi. 14, fig. 2). In Macrogeomys 
they are short and broad and bend abruptly upward, capping the ends 
of the short and broad palatines (pi. 14, fig. 3). In Heterogeomys they 
are small, and simply form the narrow ends of the elongated posterior 
arms of the palatines (pi. 14, fig. 12). 

The mandible is relatively small and light in Oeomys. It is large 
and massive in Cratogeomys, Platygeomys^ and the remaining groups. 
It is long and narrow, with short truncate angular processes, in Macro- 
geomys dolichocephalus (pi. 10, fig. 7). It is broadly spreading, with 
greatly elongated angular processes, in Platygeomys gymnurus (pi. 10, 

fig. 8). 

The degree of development of the angular processes is correlated 

with definite types of molariform teeth, and affords a key to the domi- 
nant movement of the jaw in mastication, the so-called * grinding move- 
ment' being very different in the species with and those without the 
greatly elongated processes. Where these processes reach their highest 
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development, as in Platygeomys gymnurus (pi. 3 and pi. 12, fig. 8, and 
text figs. 53 and 54) the posterior part of the masseter muscle, arising 
from the jngal and squamosal arm of the zygoma, is correspondingly 
large and effective; and since the direction of its fibers is nearly trans- 
verse to the axis of the skull, it is evident that the resulting movement 
of the jaw must be largely lateral. If the two parts of the masseter 
contract simultaneously, the resulting motion of the jaw would be 
oblique; if they contract indei)endeutly, a to-and-fro movement would 
alternate with a sidewise movement. 

In the species in whicli the lateral production of the angle of the 
jaw is reduced to a minimum, as in Macrogeomys doliohocephalus (pi. 5 
and pi. 12, fig. 7; and text figs. 51 and 52) the posterior part of the 
mjwsseter must be relatively unimportant, and the principal movement 
nuist be to and fro. That this is really the case is shown by the greatly 
restricted area of attachment for the jugal end of this part of the muscle 
(fig. 49 jo)j and also by the character of the teeth. As would be 
exi>ected, the crowns of the molars are broader antero-posteriorly than 
in the gymnurus group, and the tooth row on each side is bowed down- 
ward—the crowns of the upper series as a whole being convex, the 
lower concave, antero-posteriorly (fig. 46). Moreover, the obliquity of 
the plane of contiict of the upper and lower series is less in dolicho- 
cephalus than in gymnurus (see figs. 52 and 54,/).* 



*The types of molariform teeth ooordiiiattMl with the two principal types of jaw 
movement, and hence secondarily with the development of the angular processes, 
are discussed at greater length under the head 'Mechanism and Dynamics of the cut- 
ting machine ' (pp. 93-97). 



CHAPTER III. 

THE DENTAL ARMATURE. 

THE TEETH. 

The dental formula of the Geamyldw is the same throughout the 
family, as follows : i ^? c a? pm j, m ^ x 2 = 20 

All of the teeth of the Pocket Gophers are simple rootless * tubular 
prisms, close<l at the top and open at the base. In life the lower part 
18 tilled with a soft, pulp-like substauce, supplied with blood vessels 
which replenish the tooth from below, enabling it to grow as long as 
the animal lives. The hardening of the pulp within the tooth forms 




Fio. 18.— Ootline of skull of Platygeomyt gymnvnts, nhowiiig teeth in situ. 

the dentine and osteodentine; the enamel an<l cement are deposited on 
the outbid e. In the adult t the crowns of the teeth are never compli- 
cated by infoldings of the enamel; the enamel never envelops the prism 
continuously and never dips into the interior, but is always attached 
to the outside in the form of vertical bands or plates like the staves on 



* Althongh the teeth have no true roots, it is coiivonient to spoak of the basal or 
growing end as the root. The term is used in thi.s sense in the jiresent paper. 

tThe enamel caps of the yonnj^ teeth, and changes in the enamel pattern dne to 
imniatarity. are fully described under a separate heading (pp. 83-86). 
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a barrel (pi. 16, fi^. 12). The number of enamel plates on each tooth 
varies from one to four. When the tooth is looked at from the side, 
the alternating bands of enamel and cement are found to extend ver- 
tically from base to crown; and since the tooth is constantly worn 
down from above and as constantly replenished by growth from below, 
its original form is preserved and no sensible change in the enamel pat- 
tern takes place. 

THE INCISORS. 

The incisors sire long and heavy, with trenchant, chisel-like edges 
(figs. 18 and 19). Their massiveness varies greatly in theditterentgenei-a. 
The upper in<;isor is shortly curved in a single plane, forming a little 
more than a complete semicircle, and its root rests either in the upi>er 

part of the interspace between the divaricating roots 
of the premolar and first molar, as in Plafygeomys 
(fig. 18), or directly above the root of the first molar, 
as in some of the other genera. The lower incisor is 
much longer, less shortly curved, and does not form 
a complete semicircle. It passes bjickward beneath 
and on the inner side of the molars, its own root rotat- 
ing outward in a partial spiral like the beginning of 
the twist in a ram's horn, and terminates in a thin 
capsule of bone on the outer side of the condylar proc- 
ess. The lower incisor is thus considerably longer 
than the greatest length of the jaw, fiH)m which it 
projects at both ends. 

Both upper and lower incisors have their anterior 
faces covered with a plate of enamel, the edges of 
which are bent back over the sides of the tooth far 
enough to hold it securely (fig. 20, a, b, and tig. 24) 
so that it can A\ith8tand, without danger of loosening, 
the great strain to whi(*h it is subjected in cutting 
hard roots. 

On the inner side of the tooth the inflexed border of the enamel is 
beveled {hf:^. 20, a); on the outer side it retains its normal thickness 
(fig. 20, h). The inner edge of the tooth is scjuarely angular or nearly 
so, while the outer edge is always brofidly rounded (figs. 20, 21, 22). In 
the lower incisor the front fiice of the tooth is always flat or nearly so 
(fig. 24) ; in the uj^per incisor it is flat in Macrogeomys and Heierogeomyn 
(fig. 20), nearly flat or twice convex in Cratogeomys (fig. 21* and % 
Plafygeomys (fig. 21^), and Pappogeomys {fiii. 21,*); and thrice convex in 
Oeomys proper (fig. 22^ and '') and Zygogeomys (fig. 22^). 

The enamel face of the upper incisor is invariably marked (except 
in some species of Thomoynys) by a conspicuous longitudinal groove or 
furrow^, resulting from an infolding of the enamel. A second and much 
smaller groove is- sometimes present also, always near the inner edge 
of the tooth. The form and position of the grooves vary in the differ- 




Fio. 19-.— Incisors of 
Platygeomys gymnurun 
Been from behind, a up- 
per; blower. 
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ent species; there is also considerable range of individual variation.* 
Five tyi>es of sulcation i)revail, as follows: 

BUuIcaie series: 

Principal silicas on outer side of median line Geomys 

Principal snlcus on inner side of median line Zygogeomys 

Unisulcate series: 

Sulcus median or slightly on inner side of median line; rather bh>adly 

open CratoffeomySf PlatygeamySj Pappogeomysy Orthogeamys 

Snlcus at junction of inner and middle thirds; usually rather narrow and 

deep .* ' Heterogeomys, Macrogeomys 

Sulcus close to inner side or absent Thomomys 

In Qeomys proper the principal sulcus is decidedly on the outer side, 
and the small inner groove is about one-fourth or 
one-tifth the distance from the inner edge to the prin- 
cipal sulcus; it is nearer the inner border in the iuza 
series (fig. 22^) than in the bursarius series (fig. 22^). 

In Pappogeomya there is only a single groove (fig. 
21*), and it is median or nearly so, as in Craiogeomysy 
and very deep, with the convexities on both sides 
strongly rounded. 

In Zygogeomys (fig. 22') the principal sulcus is 
median or slightly on the inner side, and the fine 
inner sulcus is on the convexity of the enamel about 
one-third the distance from the inner side to the me- 
dian sulcus. It is not so near the inner side as in 
Geomys proper. In the latter the inner convexity is 
flatter and the small sulcus is on its inner side instead 
of on the convexity itself. 

In Heterogeomys and Macrogeomys (fig. 20) the 
groove is always far on the inner side and some- 
times wholly within the inner third. As a rule it is 
deeper and more abrupt than in the other genera, 
and the face of the tooth is flatter. 

In Cratogeomys and PUitygeomys (fig. 21) the groove, as seen by the 
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Fio. 20.— TnuiBverse 
section of upper in- 
cisor in the nnisuloate 
species in which the 
HuIcQH is strongly on 
the inner side. (I) 
Macrogeomys dolieho- 
eephaittM; (2) ITeterO' 

Secfinyt kifpidtu; (3) 
f. eostarieenns; (4) 
M. eherriei (showing 
enamel face and single 
suIciiM), a inner end of 
enamel plate ; b outer 
end of enamel plate. 



"The exact position of the principal sulcus varies not only in individuals of the 
same species from the same place, but even on the two sides in the same skull. Thus 
iu Cratogeomys mefTiami and Platygeomys gymvurns of the unisulcate series it is 
usually on the inner side of tlic median line, but several skulls of each species are 
at hand in which it ik median on one or l)()th sides. Similarly, iu Geomys bursarins 
aud tiiza of the bisulcate series, its distance from the outer aide of the tooth is some- 
times noticeably different on the two teeth. Its exact ])osition therefore can not be 
relied upon as a character in distinguishing species, though its ap])roximate position 
is important 

Many of the unisulcate teeth show, when examined closely, a faint inner groove 
ill a<ldition to the deep median furrow. The presence of this indistinct sulcus seems 
to be purely fortuitous, occurring here and there ivre8])ective of sex, age, or species, 
Hometimes on one side, sometimes on both, and is of no value whatever as a char- 
acter. Another fortuitous variation is the occasional presenccrof a line bead in the 
median sulcus. When present at all it is rarely symmetrical on the two teeth. 
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unaided eye, ordinarily appears to be median ; but when the tooth is 
magnified it is nearly always found to lie slightly on the inner side. 





Fio.21. — TranRvorso HtH'tion of upper incisor 
in the iiiiiRulcate HiKH'ieH in which the 8ul. 
ens in median or nearly median- 
CD Cratogeomyt merriami. 

(2) Platygeomyt gyvmuntt. 

(3) Cratogfomyt peroteiuix. 

(4) Vappogeomys bulUri. 



Tin. 22.— Transverse H<H>tion of upper incisor 
in bisnicate series— 

(1) Zygogeomyt triehopua. 

(2) Oeoiiiys burcaritu. 

(3) Geomyntuza. 




Fiu. 23. -Transverse 
section of upper incisur 
of Thfyinomys donglaai 
showing shallow sulcus 
close to inner side of 
tooth. 




It sometimes diflers noticeably in iwsition in the two incisors, and in 
some specimens of C, merriami is further away from the middle than 
usual. 

' In Orthogeomys the groove is on the inner side, but is usually so 
widely open that its outer side reaches the median line. 

In ThomomyH the groove is close 

to the inner edge of the tooth (fig. 

23) or absent. It is usually pres 

ent, though sometimes very small 

and shallow. In a few spec!ies it is 

deep and strongly marked, as in 

T, monticola Allen. 
The outline of the incisor in 

cross section varies iu the differ- 
ent species. In some forms the an t^ro- posterior diameter exceeds the 
transverse; in others the transverse equals or exceeds the antero- 
posterior. Usually the outer side of the tooth is an even curve from 
the i>oint where the infiexed border of the enamel stops, to the iK)sterior 
convexity of the tooth, but this is not always the case. In the upper 
incisor of Craiogeomys oreoceteH^ and the lower of C. merriami j the 
outer side is emarginate, forming a distinct bevel immediately behind 
therefiexed enamel edge (fig. 24, /;). 



FlQ. 24.— Traosverso 
section of lower incisor 
of Cratogeomyg merri- 
ami: 6, bevel on outer 
side. 



THE PREMOLARS. 



The premolars are <louble prisms, like a figure 8 in transverse section 
(tig. 25 and pi. K), figs. 8, 12, and 13). Their crowns are worn obliquely 
to the axis of the tooth, hence the prisms are of unequal length; the 
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lK)sterior prism is longest in the upper premolar and the anterior in the 
lower. In size the two prisms of the upper premolar are subequal or 
the anterior is only slightly smaller than the posterior; in the lower, the 
anterior is commonly considerably narrower and more elongated antero- 
posteriorly. In form both prisms of the upper premolar and the pos- 
terior of the lower are transversely elliptical like the molars; but the 
anterior prism of the lower premolar is cylindrical or subcylindrical. 
Its transverse section is more nearly circular in Zygogeomys tricliopus 
and the Oeofnya bursarius series than in the others. In Macrogeomys 
cherriei it is more elongated transversely than usual in the group. 
The neck connecting the anterior and posterior prisms is usually on or 
near the median line of the tooth, but in the upi)er premolar of Hetero- 
geomya hMpidm it is decidedly on the inner side. 

The premolars are larger than the molars, and the lower premolar is 
the largest of the molariform series (lig. 20). The upper premolar is 
implanted very obliquely and invariably «/op6« strongly backward from 
root to crown, the vertical plane of the root being far anterior to that 
of the crown. The lower premolar is strongly curved; it is always con- 
cave anteriorly and convex posteriorly. It is implanted vertically or 
nearly so, though its root curves forward. The upper premolar is decid- 
edly longer than the lower in the genus Oeomys (both in Geomys proper, 
comprising the bursar ius-tuza series, and in 
the Pappogeomys bnlleri series); the two are 
subequal in all the other genera. The shaft 
of the upper premolar may be either straight or 
curved. When curved it may be convex 
forward or concave forward. It is straight in 

^ , . \ J. 1 • 3 11 FiQ. 25.— Crowna of upper and 

Geomys lutescem, but decidedly concave an- lowtrpremoiamof jfa^ro<7eomy* 
teriorly in all the other species of Geomys doUehocephaius: a upper, 6 
proper and in Pappogeomys and Orthogeomys ; ^*'^®'^' 
it is strongly or moderat<4y convex anteriorly in Cratogeomys and 
Ma<:rogeomy8, and faintly convex or nearly straight in HeterogeomySj 
Zygogeomys^ and Platygeomys. In the latter genera it is commonly 
straight in the young and slightly curved in the adult. 

The length of prism of the upper premolar in G. bursarius, tuza, and 
mobilensis is at least one-third greater than the total length of the tooth 
row on the crowns (lig. 26'); in G, te,rensis it about ecjuals the length 
of the tooth row. Various intermediate conditions occur in the other 
species. The length of the upper premolar with reference to the 
molars affords two series: (1) in which the premolar and m* and m^ 
are of about the same length (comprising G. bursarins and most of the 
s[>ecies in the other genera, fig. 20* and ^); and (2) those in which the 
premolar is decidedly longer than m' and m* ((?. tuza and mobilensis 
and Pa}ypogeomys buUerij fig. 26'). The length of the upper and lower 
premolars with reference to each other also affords two series : In the 
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t;eiiu8 Oeomys tlie lower is much shorter than tlie upper (fig. 26^); iu 
tliB otiiei' genera (Vrnlogeonujg, Heterogeomga, and Zy^ot/eomgit) the two 
are stibetiaal or the lower is slightly the longer (fig. 20' and '). 

THE MOLARS. 

The true molars, except the last upper one (m^), are simple single 
tubnlar prisms, elliptical in transverse section. The last upper molar 
is a single prism in some forms; a double prism iu otiiers. In both 
upper and lower series the posterior ninlar is the shortest tooth (tig. 2IJ), 
In the lower series the twth are sneeessively shorter from premolar to 
last molar. Iu the iipiwr series the premolar may or may not be longer 
than the first ninlar; tlie first and second molars may be subetiual or 
eitlier may be slightly longer than the other. As a rule throughout 




the group, tlie first and se(.^ond ujiper molars are as long or nearly as 
long as tli(^ premolar. This is the ease in Oeomys liursarius; but in 
otlier species of Oeomtf/i proiier (tuza, bi-erieepn, and texensii) and in the 
genus Pappfuieomys they are very much shorter. Jn Pappogeomya 
biilleri and the Qei>my» tnza series the longest upi)er molar is only about 
two-thirds the length of the premolar, and m^ is only half as long as the 
premolar. 

In the lower jaw the inolariforra teeth are successively shorter from 
before backwards, but diversity prevails in the relative lengths of the 
seveial teeth c^mipi-iNing the series. Thus in ffeterogeomys kiaptdun m.^ 
is but little more Ihan half the length of p»i; while in other species 
it is more than three-fourths. The relative length of the individual 
molars varies in the different species and is subject to considerable 
individual variatiim also. 

Tlic last upper nmlar is always the largest of the trne molars. Its 
prism may be eitlier single or double, or incompletely double; when 
double it neaily eijuals the jiremolar in .si^e of crown, but never in 
length of shatt. 1 1 is invariably the shortest t<K)th of the upjier series, 
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and in some species is as short as the last lower molar. It always 
curves ba<tkwards and the curvature is sometimes so great as to form 
the arc of a small circle. When a double prism, the posterior prism is 
always much narrower than the anterior. For purposes of classifica- 
tion m^ is by far the most important tooth in the skull, its size, shape, 
form of crown, and enamel pattern furnishing chai^acters of much value, 
as will be seen later. 

The kutt lower molar is ordinarily the shortest tooth in the skull, and 
is always curved — the concavity posterior. In addition to thecurvature, 
it is implanted obliquely, sloping strongly backward from crown to 
root, the vertical plane of the root being far behind that of the crown. 
Its root is also rotated backward and inward, enabling it to lie flat 
against the inner side of the incisor, which passes between the roots of 
m^ and nia (fig. 41). Owing to the strong slope of the shaft of ms, the 
crown is always truncated very obliquely to the axis of the tooth (fig. 18). 

Tbe prisnis of the intermediary molars in both jaws invariably curve 
outward, so that their outer borders are concave and inner borders 
convex. The curvature is stronger in the lower than in the upper 
series, and strongest in nia, whose root stands further outward (away 
from the median line) than any other in the series. The outer borders of 
the prisms are shorter than the inner borders, hence the open root-ends 
of the teeth always face obliquely outward. The anteroposterior 
curvatures of the prisms of the intermediary molars above and below 
take the same direction in each jaw, but vary in degree in the different 
genera and sometimes in si)ecies of the same genus. All of the superior 
molars curve backward from crown to root; the inferior intermediary 
molars curve forward from crown to root. In the genus Qeomys the 
antero-posterior curvature of m* and m2 is so slight that their prisms may 
be described as essentially flat {fig, 20^). If any curvature is apparent, 
it is backward in m' and forward in m2, in accordance with the rule. In 
ZygogeomyH and Ileterogeomys the curvatures are slight; in Orthogeomys 
they are marked, and in Macrogeomys^ Cratogeomys, and Platygeomys 
they are very strong, m^ and m* curving strongly backward and mi and 
UYi strongly forward {iig. 26* and^). 

In addition to the curves described, the molar prisms are always 
more or less twisted on their axes. If the teeth were long enough these 
twists would result in spiral curves. 

The axes of the elliptical crowns of the intermediary molars are in a 
general way transverse to the axis of the skull; but they rarely stand 
out at right angles. As a rule they slope obliquely forward or obliquely 
backward. When the crowns of the upper molars slope backward from 
the median line the crowns of the lower molars are transverse or slope 
forward, and vice versa. The axis of the crowns of m' and m^ normally 
sloped backward in GeomySj Pappogeomys^ and Cratogeomys; it is nor- 
mally transverse or slopes forward in Platygeomys^ Orthogeomys^ Macro- 
geomysy Heterogemnys, and Zygogeomys, 



76 



NORTH AMERICAN FAUNA. 



[xo.8. 




Fio. 27 — Types of fomi of crown of last 
uppor molar (in*). 



VARIATION IN FORM OF LAST UPPER MOLAR. 

The form of the last upper molar affords excellent chariu-ters. In its 
simplest type, as in the genus Geomys (comprising both the tuza series 

and the iexeimH-hursarius series) it is 
a single prism and the shape of the 
crown varies from suborbicular to sub- 
triangular (figs. "21 ' and 33). In Pap- 
pogeomyn (fig. 27 ^) the form of the tooth 
is similar except that there is a decided 
emargination on the outer side, ante- 
rior to the middle, behind which the 
prism is abruptly narrower. This is 
the first step in the formation of the 
'heel' or i>osteri()r lobe, which is so 
conspicuous in Orthogeomys^ Heteroge- 
omytt, and Macrogeomya (fig. 27^ and *). 
In the genus Cratogeomys the tooth 
is partly converted into a double prism 
by a vertical groove on the outer side 
{^^, 27^). This genus presents the widest latitude of individual varia- 
tion known in the family, indicating that the t^)oth is in a transition 
state and has not yet attaine<l a condition of stable eiiuilibrium. 

It is much more variable in Crafogromyn than in Platygcomys. Taking 
both genera together the crown presents all sorts of intermediate pat- 
terns, from a form in which the posterior prism is hardly more differen- 
tiated than in Pappogeoynys hulleri, to forms having this prism produce<l 
to su(*h a degree that the su])erfi(?ial resemblance to Heterogeomys is 
marked (fig. 35). Hut it lacks the stability of form and fixity of enamel 
l)attern characteristic of the members of the latter genus. 

The variation is greater in the adult than the young, as would be 
expected from the increased ol)li<|uity of thc^ crown with reference to 
the axis of the tooth in advanced age, and naturally is most marked in 
the length and form of the heel. Sometimes in old age the crown is 
worn so obliquely that the heel actually overhangs, jic([uiring an exag- 
gerati?d length very difll'erent from its transverse section (as in fig. 28, d). 



1. Qeomyt brevieepg 

2. Vappogeoinyg bulleri. 
Platygeomys gynntvnts. 
Cratofieotiiys eutor. 
ZyyogeomtfM trichopm. 

6. Maeroffeomys doliehitcephalus. 
1. Macrogeoinyi heterodmi. 




Fin. 28.— Variations in rrown pattom of lu^ in Cratogeomyt fulvaeen*. 

In Cratogeomys fnfrcHcrns (fig. 28) th(» variaticms in form and enamel 
pattern of crown are pronounced, but most of them are easily reducible 
to one or the other of two types: (1) An obcordate crown, deeply 
notched between the prisms on the outer side, with the axis of the pos- 
terior loop or heel nearly transverse and the outer enamel plate reduced 
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to a small U-shaped piece protectiug tlie sulcus (ti|^. 28, a); and (2) a 
more or less subtriangular or even trefoil-sliaped crown with the axis 
of the posterior loop very oblique (sloping strongly backward iis well 
as outward), and the outer enamel plate more or less elongated (fig. 
28, e, (I). In form the second is easily derived from the first by a slight 
backward rotation of the transverse axis of the posterior loop. Regard- 
ing the shape of the crown as more or less subtriangular, the apex of 
the triangle is always toward the median line of the skull and the 
notch or emargination always on the outer (buccal) side. Cratogeomys 
castaHopa (fig. 29) stiinds somewhat ajmrt from the other species. The 
double character of the prism is not well marked; the posterior part 
of the crown is rather broadly rounded, the lateral enamel plates are 
rather short, and the inner one is situated far back. Both tend to 
disappear in extreme age — doubtless from atrophy of the enamel organ. 




Fig. 29.— Variations iu cruwn pattern of lu' in Cratoijeotnyt coMtanoi**. 

In the genus Platygeomyft the crown is subtriangular, narrow behind 
the anterior prism, and the axis of the heel is nornuilly anteroposterior, 
as in Pajppogeomys (fig. 27'*). 

In MacrogeomySj UeierogeomySj and Orthogeomys (fig. *54), the tooth is a 
double prism, the anterior and posterior moieties of which are separated 
by a groove or depression on each side — that on the outer side being 
invariably the deeper, that on the inner side being in rare cases obso- 
lete. The posterior prism is always narrower than the anterior (the 
narrowing is chiefiy on the outer side), and its anteroposterior diameter 
is usually greater. The crown as a whole is thus longer than broad, 
and is composed of two parts or lobes : an anterior which isbroader than 
long (being transversely elliptical, like the other molars); and a narrow 
posterior lobe or MieeP which is commonly longer than broad, and 
varies in form and proportions in the different species. 

In Heterogeomys the grooves on the two sides are nearly opposite, and 
the anterior prism is narrowly ellii)tical. In OrthogeomyH and Maeroge- 
omya the sulcus on the inner side is commonly decidedly posterior to 
the plane of the outer sulcus. In Macrogeomys the anterior prism is 
broadly elliptical, and the posterior is elongated antero-posteriorly. In 
Ma4^rog€omy8 heterodiui the i)osterior lobe or heel is very long and slopes 
obliquely outward; the inner face of the tooth as a whole is unusually 
flat {H. 2V). 

In Zygogeomya the last upper molar is an imperfect double prism, the 
depression on the inner side being slight, while that on the outer side 
is much deeper. The crown as a whole is longer than broad, and the 
posterior loop or heel ends iu a broad lip-like extension not protected 
by enamel and hence subject to change of shape by wear (see fig. 27*), 
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ARRANGEMENT OF THE ENAMEL. 

After tbe enamel cap of the newly born young has been ground down 
far enough to ex |;)08e the upper ends of the cement bands, the arrange- 
ment of the enamel remains the same tliroughout the life of the indi- 
vidual and affords excellent generic and in some cases specific char- 
acters. The enamel never envelops the prism in a continuous sheet, 
but is deposited in the form of vertical plates or bands which always 
alternate with bands of cement. These bands are disposed in a definite 
manner on eacli tooth of the series. In the under jaw the number in 
each tooth is the same throughout the group;* in the upi)er jaw the 
uumber varies in the several genera. 

Premolars. — The permanent upper premolar has three enamel plates 
(one anterior and one lateral on each side • ) in the genera Geomys 

proiHir, Pappogeomyit, Crafogcomys, and Platy- 
geomys — the posterior being altogether absent 
(fig. 30^). In ZygogeomyHj JSeterogeomyn, Ma^^o- 
geomygj and Orthogeomys the number is in- 
creased to four by tlie addition of a posterior 
l)late, which, however, 
never covers more than 
half of the posterior face 
of the posterior prism , and 
is always restricted to the 
inner or lingual side (fig. 30^ c). In Orthogeomys 
the posterior i)late is sometimes obsolete. The per- 
manent lower premolar always has four enamel 
plates, the posterior being invariably present and 
covering the whole hinder face of the tooth (fig. 25, 
&, and fig. 32). 

First and second upper molars, — In the first and 
second ui)per molars, which are simple elliptical 
l)risms, the normal number of enamel plates is two, 
one covering the anterior, the other the posterior 
face of the tooth, with a narrow interval filled 
with cement at each end between them (fig. 31'). 
In many species, however, the posterior x)late is 
obsolete (fig. 31*). It is present and covers the 
whole hinder side of the tooth in GeomySj Pappo- 
gecnnys^ Macrogeomys^ Heterogeomys, and Orthogeo. 
mys. It is present but restricted to the inner or 
lingual half of the tooth in Zygogeomys (fig. 31^), 
and is altogether absent in Gratogeomys (fig. 31') and Platygemnys. 



Fio. 30.— Types of rnamcl 
pattern of upper premolar. 

(1) Cratogeomytt merriami; 

<2) IJetrrogeomtft hi$pidus; (a) 
anterior enamel band; (b) lat- 
eral band ; (<*) posterior band. 








Fkj. 31.— Typeaof enamel 
pattern of npi»er molari- 
form aeries in the dift'ercut 
gronps : 



1 . Geomyt burtarius. 

2. Cratogemnygeautanopt. 

3. Zygogeomys triehopua. 

4. Macrogeomyt cherriei. 

5. ThomovaythulbivoruM. 



"In both upper aud lower premolars the anterior ciianiel plate is convex forward; 
the lateral are strongly bent, conforming to the sulcus between the prisms and 
extending from the convexity of one to that of the other. The resulting shape in 
transvcTse section is usually like that of the letter (J 7 with the opening directed out- 
ward and the ba^e resting on the median line of the tooth. 
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Last upper molar, — Throughout the Oeomydiw^ except in Tliomomys^ 
the last upi>er molar has three enamel plates — one anterior, one on the 
inner side, and one on the outer side, with interspaces (cement bands) of 
varying breadth between (fig. 27). In Orthogcomys scales the outer 
plate is normally divided (fig. 62). The 
anterior plate always covers the whole 
front face of the tooth, and is the same ' 
in all species; the two others vary in 
length and shape, and furnish excel- 
lent characters. In Thomomys there 
are but two plates, an anterior and a i 
posterior (fig. 31*). 

Lower molars, — Except in Thomomys^ 
the lower i-olars have each but a sin- ^'«- 32.--crowii8 of lower moiarifom 

sencs: (a) Geomys bursanus; (b) Thamomyt 
gle enamel plate; it completely covers bulbivomg. Except in Thomomys (6) the 
the posterior face of the tooth, the enamol pattern is the same throughout the 
, . « 1 'J 1. • 1 family (as in a). 

anterior face and sides being covered 

with cement (fig. 32, a). In Thomomys each lower molar has two enamel 

plates, an anterior and a posterior (fig. 32, h), 

PRINCIPAL DIVISIONS INDICATED BY THE ENAMEL PLATES. 

The foregoing study of the enamel plates shows that all of the 37 
species and subspecies herein described, and all the species of Thomo- 
mys,mB,y be arranged in five principal groups, according to the presence, 
absence, or relations of the posterior enamel plate in the upper molari- 
form series, as follows: 

1 . Posterior enamel plate absent in pm and present in m^ and ni^ Geomys f 

PappogcomySf Orthogeomys. * 

2. Absent in both pm and m ' and m^ Cratogeomys, Platygeomya, 

3. Present on inner (lingual) side in both pm and m> and ni^ Zygogeomys, 

4. Present on inner (lingual) side in pm and complete in m' and m^ Hetcro- 

ge&mySf MacrogcomySy Orthogeomys, * 

5. Present in pm and m^, m^, and m^ Thomomys, 

NORMAL NUMBER OF ENAMEL PLATES — SUMMARY. 

The number of enamel plates actually present in the different teeth 
Las been shown to vary from one to four. The number on each tooth 
has been found constant in the lower series; inconstant in the upper 
series. The lower premolar (which is a complete double prism) invari- 
ably has four, and the lower molars one each, except in Thomomijs in 
which they have two (fig. 32). Tlie upper premolar (a complete double 
prism) has four in some genera; three in others. The upper interme- 
diary or elliptical molars (in^ and m^) have two in some genera; one in 

* Orf^o^eomy« is losing the posterior enamel plate of tbe upper premolar. It ia 
present in 0. latifronSf bnt greatly reduced or altogctber absent in nelaoni and 
Mcalops, 
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others. The last upper molar (an incomplete double prism) invariably 
has two in Thomomya and three in all the other genera. These facts 
indicate that the normal number of enamel ])late8 in simple elli])tical 
prisms is two, and that one has been suppressed in all of the elliptical 
molars having only one (the lower molars in all except Thomomys and 
the first and second upper in Platygeomys and Cratogeomyit)^ and in the 
upper premolar when it has only three plates (as in Flatygeomysj Crato- 
geomya, Pappogeomytt, and Geomya proper). This view is supported by 
a study of the mechanics of the grinding process. . (See pp. 90-97, 
107-108). 

VARIATIONS IN ENAMEL PLATES OF LAST X^'PER MOLAR (m^). 

Throughout the family, except in Thomomysy the last upper molar is 
strengthened by three vertical plates or bands of enamel, alternating 
with three interspaces fiUe<l with cement (figs. 33, 'M). The anterior 
of the three enamel plates is constant in form and relations; the two 
others inconstant. The anterior invariably covers the whole front face 
of the tooth and is convex forward (tlie convexity may be slight or 
great). The otbers vary in position, shai)e, and relative breadth. In a 
single species, Orthogeomya scalops, the outer plate is normally divided 
(fig. 62). In the simplest forms, in which the tooth is a subcylindric 
or subtriangular prism, as in texenahy brevicepsj and allied species (fig. 
33), they are simple vertical bands of enamel, subequal in size, one on 




Fia.33.— Vikriations in form of crown and enamel pattern of m'in restricted genus Ototnyt. 

1,2. Qeomyt tuza. G. Oeomys pertonatut. 

3. tuza Jloridanut. 7—10. texeiitU. 

4. mobilenM. 11 — 13. hrevicejis. 
6. arenaritit. 

either side of the tooth posteriorly, separated from one another and 
from the anterior enamel plate by similar vertical plates or bands of 
cement. The genus Geomys proper presents no variations from this 
type except in the relative breadth of the inner (Hngual) and outer 
(buccal) enamel bands. The inner is more constant than the outer and 
is commonly somewhat broader.* Sometimes the two tend to define a 
lip post-eriorly (fig. 33^*^ and *^). Marked departures from this simple 
type occur in those si>ecies in which the last upper molar is a double 
instead of a single prism ; and since various intermediate conditions in 

*In 0. tuza the ont'er ])lato is much narrower or shorter than the. inner. Since the 
teeth are commonly looked at endwise from above, the enamel pattern is ordinarily 
seen in transverse secticm, and the three enamel plates a]i])ear as narr(»w bands on 
the periphery of the prism. Their breadth on the sides of the tooth is shown in the 
length ot the band a« it appears on the crown. In descriliinof the pattern, therefore, 
it is convenient to use the term length instead of breadth to designate the relative 
width of the vertical enamel plates. 
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he evolution of the double prism are presented by living species, so 
he several stages in the adaptation of the lateral enamel plates to the 
levelopment of a posterior loop or heel <are clearly shown. These 
hanges consist in a lengthening or shortening of the enamel plate (as 
t jippears on the crown of the tooth) and in the development of a bend 
►r flexure by virtue of which the enamel conforms to the curvature of 
he sinterior and posterior loops, resulting from the development of a 
leep sulcus on one or both sides of the tooth in those species that have 
I double prism. And since the sulcus on the outer side appears first 
md is always deepest, it follows that tlie outer enamel plate is the one 
Qost affected and shows the greatest range of variation (fig. 34). 

(hiter (bitceul) enamel plate, — The first step in the formation of a dis- 
inct and permanent flexure may be seen in Pappogeomya bulleri (tig. 
^,*), in which species the anterior end of the outer enamel plate bends 




Fio. 34. Forms of crown and enamel pattern of iii> in the genera in M-hich this tooth is a doable 

rism. 

. Pajypogeomyt bttOeri. 8,9. Orthogeomy neUoni. 

. Platygeomys gymnurtu. 8. ToUmUprc; 9. ComalUpee. 

. Oratogeomyk estor. 10. HeUrogeomyi kitpidus. 

oreoceteg. 11. torridui. 

peregrinu*. 12. Macrogeomyt eherriei, 

. Zygogeomyt triehopus. 13. eoMtaricentit. 

. Orthogeomyt UUifroru. 14. doUehocephalut. 

1T>. Macrogeomys het^rodtu. 

outward in front of the vertical sulcus that marks the outer side of 
he tooth. A slightly more accentuated condition is found in Platy- 
eomys gymnurus (fig.34,'). The extreme development of this flexure 
8 attained in the genera Heterogeomys (fig. 34, '° and '*), Maerogeomys 
flg. M^^yy^)j and Orthogeomys (fig. 34, * and «), in all of which the 
>end is essentially a right angle — a result of the deepening of the 
ulcus between the prisms. At the same time the posterior arm of the 
namel plate is considerably lengthened in order to protect the elon- 
gated posterior lobe or heel to which it conforms. In Orthogeomys and 
ill the known species of Heterogeomyn an<l Maerogeomys the iwsterior 
imb is about double the length of the anterior; and except iu M. 
eterodm it actually reaches the hinder border of the tooth. In Ortho- 
eomys scalops a very remarkable condition prevails; the outer enamel 
>late is normally divided (fig. 62). 
7433— No! 8—6 
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In Platygeomys the outer enamel baud is normally either straight or 
bent outward at the extreme anterior end — not U shaped as in CraUh 
geomys proper. 

In the remaining groups a widely different condition obtains: The 
outer enamel plate is much reduced, and as a rule the two arms are sub- 
equal. This type prevails in Cratogeomys proper and in Zygogeomyt — 
groups whose interrelations are distant and obscure. In Crato- 
geomys the outer plate is normally (?) reduced to a mere angle or 
U-shaped piece at the bottom of the sulcus that gives the outer side 

of the tooth the semblance to a dou- 
ble prism (fig. 35, •' and ®), leaving a 
wide unprotected interval (cement 
band) on each side. It is variable, 
however, and in some specimens the 
posterior arm reaches nearly to the 
end of the heel (fig. 35, «). The dif- 
ference maybe sexual; but owing 
to the difficulty in determining the 
sex in these animals, which diificnlty 
is greatly increased in the case of 
the young, it is unsafe to place 
much reliance on the sex marks 
accompanying the specimens. Still 
there is reason for suspecting that 
those specimens in which the outer plate is elongated posteriorly are 
females. The variation is much greater in some species than in others. 
It is most extreme in C. eastanopft (fig 29), and least, so far as our 
material goes, in 0. peroiensin and entor. In advanced age it some- 
times liappens that the lateral enamel bands become abnormally short 
on one or both sides and very rarely becrome divided in the middle. 
Accidents of this sort are probably the result of shrinkage or atrophy 
of the enamel organ. 

In the genus Zygogcomys the outer angle is more open and the enamel 
plate covers about half of the outer side of the tooth. 

The out^r enamel plate is slightly longer than the inner in Fluty- 
geomys^ and much longer in Ueterogeomys, Orthogeomys, and Macro- 
geomys (except in 3f, heterodm); it is subequal or shorter in all the 
other known forms. 

Inner {lingual) enamel plate. — The inner plate is much less variable 
than the outer, as previously stated. It is straight or slightly convex, 
except in the few species that have a real sulcus on the inner side, con- 
verting the tooth into a complete double prism. In these its anterior 
part curves or bends outward. This cxindition is known in the three 
genera, Heterogeomys^ Maerogeonu/s^ and Orthogeomys, In Heterogeomys 
the outward curvature is slight [^\;^. 34, '^ and ^'); in Maarogeomys doli- 
chocephalus and Orthogeomys latifrons it is strong (fig. 34, ^* and "). In 



Fio. 35. — Variationn in fomi of crown and 
enamel pattern of m' in riatygeomyt and in 
Cratogeomys merriami. 

1,2. riatygeomys gymnurut. 

3. / 'ia tygeo m yt tylorhinus. 

4. Vlatygeomys fumoiUM. 

5-8. Cratogeomyt merriami (all from Ameca- 
meca, Mexico). 
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length and position the inner pl.ite Ib much more variable: It reaches 
tliehimlerendof the tooth ill tfeomys proper, Gratogeomya, Pappogeamy», 
Plalygeomt/s,* Zygogtomys, and OrthogivmyH; ftilla slightly short of the 
eud in Maerogeomys, and very considerubly sliort in Heterogeomyi. In 
Heterogeomyn it barely covers half of the inner Bide of the tocth; in all 
the other known species it covers nearly tivo-thirds or more than two- 
thii-ds of the inner side. The condition in Heterogeomya therefore is 
clearly e&ceptional. 

CHABACTBBS OF THE UNWOEN TEETH, 

Specimens of pocket gophers young enough to show the decidnons 
premolars and the unworn crowuHof some of the molars are so exceed- 
ingly rare that I have se*n but four in the entire series of specimens 
of this genus examined in the preparation of the present paper. Two 
of these are Qeomya bursarius from Elk River, Minn., collected by Ver- 
non Bailey April 29, 1888, and May 14, 1880 (Nos. 4009 and 21127. Mer- 
riam collection); the third is a young Qeomyn mobilensis from Milton, 
Florida. The fourth is a juvenile specimen of Heterogmmys torridus 
from Motzoroogo, Mesieo, collected by K. W. Nelson Mnrch '>, 1894 
(No. 63643, U. 8. JT. M.). The unworn teeth are so much alike in the 
two genera that they may be described together. 

Incitorg. — In both genera the grooves in the front face of the upper 
InciBors are very much deeper nnd larger than in the adult, and the 
convexities are much more strongly rounded. In the young of Qeomya 
buraariua the two grooves do not present the disproportion character- 
istic of the adalts, the small inner groove being relatively much defter 
and larger, though by no means so large as the median groove. 

Deciduowi premolars. — The crown of 
the upper deciduous premolar is much 
elongated and has an anterior prism in 
addition to the double prism of the jier- i 
manent tooth (pi. f6, ligs. 1 nnd 3). The 
double prisms are united on the inner 
(lingnal) side, forming,^ U-shapetl grind- 
ing surface (with the opening directed '' 
oatward) in front of which, separate^l by g, 
Bolcus, is thesmall transversely ehingntecl " 
summit ofthe anterior prism. The crown 
of the lower deciduous iiremolar is likewise much elongated, and it is 
irregularly and incompletely divided into three lolies (pi. 1(1, figs. 2 and 
4ft). Both upper and lower premolars liave the anterior nnd posterior 
roots far apart, and the permanent premolar may bu seen between them 
(flg. 36, and pi. 16, flgs. 1-4, a). 

*In PUtti/gtom]/! fmnoia* tii^ inner enamel liand scema to be noniiAltr shorter than 
the ontei, ani ao\y half or Imb tbaa half the length of the anterior band l&g. 3[><). 
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Permanent premolars. — One of the npper deciduous premolars (pL 
16, Ag. 16) has beeu removed from tlie baby flkull of HeUrogeomya tor- 
_ ridiM, exposing the anworn crown of the [)ermanent premolar (pi. 16, 
fig. Ix). The perinaneirt premolar also has beeu removed aud figured 
in several positions to show the form, size, and relations of its primi- 
tive enamel cap (pi. 16, figs. 6. 6, and 7). For ready comparison, the 
corresponding tooth in an adult of the same species has been figured 
also (pi. Iti, lig. 12). Ou reference to )>I. 16 it will be seen not only 
that the crown of the young premolar is completely enveloped with 
enamel, bat that the enamel cap reaches down over the shaft of the 
double prism, covering nearly half of the ttwtli (figs, o, 6, and 7) aud 
passing continuously into the four enamel bauds that alone remain in 
the adnlt (fig. 12*). The f;ict that the yonng of the various speciesaa 
nsnally obtained rarely show any trace of tiie enamel cap indicates 
that the growth of tlie young teeth and grinding down of the crowns 
progress with surprising rapidity. A very young Cratogeomyg casta 
nops from Las Animas, Colo., collected by Dr. A. K. Fisher, has only a 
remnant of the enamel cap left (pi. 16, fig. 14). 

The unworn crown of the upper premolar (pi. 16, figs. 1 x, 5, 6, 7) has 
a single transverse crest on the anterior prism, an incompletely doable 
transverse crest on the posterior prism, and an oblique ridge connect- 
ing the two on the inner aide. The single crest of the anterior prism 
is notched or bifid at the apex, and has a smal] upright lobule at the 
base of the notoh on the inner side. 
The double crest of the posterior prism 
is open on the outer side, and the crest 
as a whole is roaghly and narrowly 
U-shai)ed. The summit of the anterior 
crest is bilobate; that of each arm of 
' the posterior crest is irregularly tri- 

lobate or trituberculate. 
' The enamel cap of the permanent 

U>Ker premolar is a complete doable 
prism, each moiety of which bears an 
iudei)endent transversely elongated 
crest (fig. 37). The summit of the an- 
npfnnBneni torior crost (fig. 37'), is tritttberculate } 
!nrt c-a" fruni tliut of tlie posterior is incompletely 
cnatDBi; m. doublc, being split lengthwise into two 
unequal piirts, the posterior of wbichia 
irregular. The trituberculate crest of the anterior 
prism is bilaterally symmetrical. There arc two large tubercles or lobes, 
one on each side, and a Binaller median one, which is much elongated 
antero-posteriorly and is continuous with the ridge connecting the 
anterior and posterior prisms. 
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Molars. — In all of the young skulls under consideration the decidu- 
ous premolar and the intermediary molars (m 1 and 2) have been 
used, and their enamel caps have been partly ground down, while the 
permanent premolars and last molars have not yet suffered attrition. 
The premolar has been already described. The enamel cap of the la^st 
lower molar^ which has not yet reached the plane of the crowns of the 
other teeth (fig. 38 and pi. 16, figs. 2, dj 4, dj and 9, d), 
presents two complete transverse crests, each of 
which has an undulating summit incompletely q ^^ 
divided into three lobes. The two crests are sepa- 
rated by a deep furrow and show no tendency to 
come together at any point. The enamel cap covers 
a little more than half of the tooth (fig. 38, e). The ^ "- 
last upper molar (pi. 16, figs. 1, c and 3, c) has just ^^^^ 

reaphed the level of the other teeth. Its unworn 
crown in both genera presents a well-defined anterior fio. as—Right iMt 
and a less distinctly defined posterior crest, sepa- ^o^®^ mour of very 

.J, , . i»»«T_»-ij 1 young Heterogeomyt tor- 

rated by an interspace which is bridged over by an UdJiivom same »peci. 
oblique enamel ridge on the inner side of the median men aa fig. 3?) ; inner or 
line. The anterior crest is incompletely trilobate. ^'°«"*^ "*^'' , "^^^'^^f 

^ *^ unworn enamel cap, and 

The posterior crest is thickened and less symmetrical reiaUons of enamel and 
than the anterior, and in Heteroqeomys torridus (pi. <ie°**°® ^o^®"* d«*^"= ^■ 

• *' ^^ cement bands; «, enamel; 

16, fig. 1, c) it is incompletely double, being partly ^, enamel organ. 
divided by a transverse excavation. 

The crowns of the first and second upper molars present different 
degrees of wear in the three young specimens at hand, and none of 
them are young enough to show the transverse crests by which they 
were undoubtedly crowned before the tops of their enamel caps were 
ground down. The wearing, however, has not progressed so far as to 
obliterate the double crowns characteristic of immaturity except in the 
upper molars of one specimen of G. bursarius (No. 4909). In the other 
skull of this species (No. 2927) a transversely elongated loop of enamel 
incompletely divides the grinding surface of w^, indicating the former 
presence of two transverse loops, as in the low^er molars. In the lower 
series the double crowns are well shown in both Geomys bursarius (pi. 
16, fig. 4) and Heterogeomys torridus (pi. 16, fig. 2). In one skull of 
Oeomys bursarius (pi. 16, fig. 4) the second lower molar is only slightly 
worn, and its crown presents two transverse loops separated by a 
decided depression. In the other skull it is more worn, but still is incom- 
pletely divided. The crown of the first lower molar in both skulls is 
deeply notched on the inner side and slightly on the outer, showing that 
when unworn it resembled the others. 

Summary. — ^The summits of the unworn molariform teeth in Geomys 
and allied genera are not only completely covered with enamel, but the 
enamel cap is complicated by crests and tubercles. The permanent 
premolar, which is a double prism, has a single transverse crest over 
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the anterior prism and a partly double crest over the posterior. The 
true molars are bilophodont, each carrying two transverse crests. In 
the case of the hist upper molar, the posterior crest is thickened and 
somewhat irregular and may represent the coalescence of two crests. 
It is Joined to the anterior by an oblique ridge on the inner side. In 
the premolar and last molar, above and below, the summit of each crest 
is more or less distinctly divided into two or three lobes or tubercles. 
There is every reason to believe that the crowns of the intermediary 
molars (m * and -) are similarly crested-tuberculate when in the unworn 
condition, but in the specimens at hand their summits are worn down 
too far to show it. 

The crowns of the unworn teeth are bilophodont in all the lower 
molars and in the first and second upper molars. The premolar and 
last upper molar (m ') may be considered as imi)erfectly trilophodont, 
the posterior prism in eai^h instance being incompletely double. 

The theory that permanently rootless teeth with flat grinding crowns 
are more primitive and less specialized than rooted teeth with tabercn- 
late crowns receives a decided setback in the circumstance that the 
young unworn molars in the Oeomyidw are provided with crested-tuber- 
cnlate enamel caps, and that the adult t^eth, though simple when con- 
sidered singly as individual prisms, constitute, when taken collectively, 
one of the most highly specialized grinding and cutting machines thus 
fardiscovered. 

CHANGES IN FORM AND ENAMEL PATTERN OF YOITNG TEETH 

RESULTING FROM WEAR. 

As already stated, the bilophoilont crowns of the embryo and very 
young molars are hardly ever seen, the wearing down of the primitive 
enamel cap proceeding so rapidly that the youngest specimens ordina- 
rily coming under the eye of the naturalist have flat grinding surfaces as 
in the mature animal. During the reduction of the young 'crown four 
different types of enamel pattern, representing as many stages of wear, 
succeed one another as follows: 

First stage (before the crests are completely obliterated) : two parallel 
disconnected transverse loops. 

Second stage (when the sulcus between the crests is reached): a 
figure 8. 

Third stage (after the sulcus is passed and before the tops of the 
cement bands are reached) : a contimwus ring or circle. 

Fourth stage (after the tops of the cement bands are reached): the 
pattern of the mature toothy consisting of from one to three bands of 
enamel alternating with the same number of bands of cement, as already 
explained in detail. 

The first stage is of brief duration ; the second still more evanescent; 
the third decidedly longer than the first and seccmd together; the fourth 
continues throughout the life of the animal. 
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During the«early part of the fourth sta^e tbe form of the shaft of the 
tooth changes, the double prism characteristic of -extreme youth giving 
place to the single elliptical prism of the adult (except in the last upper 
molar, which in some genera remains permanently double). It seems 
remarkable that a tooth having a large double crown like the first and 
second lower molars of the very young animal (pi. 16, figs. 2 and 4) 
should be capable of changing its form to that of the single transverse 
ellipse of the adult (pi. 16, fig. 17) in a very brief period and without 
molting the tooth. That it does so is not open to question, and may 
be demonstrated by making a section of the lower part of the young 
tooth. This has been done in the case of the second lower molar, as 
shown in pL 16, fig. 4, where 4^ is a transverse section of the same 
tooth from the lower fourth. 'The antero-posterior diameter of the 
tooth decreases from above downward and the vertical groove on each 
side becomes shallower and shallower and finally disappears. The 
change in the shape of thq crown takes place naturally by the rapid 
wearing down of the grinding surface, which brings successively lower 
parts to the top. 

THE ENAMEL ORGAN. 

Throughout the group the enamel organ is situated at the b.ase of the 
teeth, as usual in rodents having prismatic molars. In the young tooth 
the enamel organ is very much larger than in the adult, owing doubt- 
less to the greater rapidity of growth in early life. Thus on referring 
14) i>l. 16 (figs. 5, 6, and 7) it will be seen that the enamel organ occupies 
about one-fifth of the length of the upper premolar in a very young 
animal, while in thecorresponding tooth of an a<hilt of the same species 
(fig. 12) itoccupies only about one-fifteenth ofthe length of the tooth. In 
extreme age partial atrophy of the enamel organ sometimes takes place, 
causing a shortening of the enamel on that side. In a few instances an 
enamel plate has been found divided in the middle, due doubtless to 
atrophy or injury of the enamel organ in the same vertical plane. 

OSTEODENTINE. 

A core of osteodentine traverses the central part of each tooth. In 
the premolars and all of the molars except m^ it forms a large elliptical 
shaft in the middle of each prism. In m^, whether single or double, the 
osteodentine is a single core, conforming in shape to the shape of the 
tooth. On all sides it passes into the true dentine, by which it is com- 
pletely enveloped except at the free^nds. At the lower end it passes 
insensibly into the growing ])ulp. In other words, the osteodentine is 
a central core consisting of the hardening pulj) and containing the 
vessels by means of which the tooth is nourished. In the Geomyida; it 
forms a considerable part of the substance of the tooth, as usual in pris- 
matic teeth growing from i)ersistent pulps. In the genera Geomys and 
Cratogeomya it is pale buffy or yellowish brown in color, and conse- 
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quently not conspicuous. In the genera Heterogeomys and Zygogeamys 
it is dark brown, in striking contrast to the white of the rest of the 
tooth. 

MECELAJnSM AND DYNAMICS OF THE CXTTTIHa- MACHZNE AS A 

T77HOI.E. 

The individual teeth have been described. It remains to consider 
them as parts of a complex and highly specialized mechanism for cut- 
ting and slicing the food, to describe the muscles that operate the 
machine, to mention other structures concerned in the act of mastica- 
tion, and to show how a bit of root or other hard vegetable tissue is 
cut loose, sliced, and reduced to pulp ready to pass into the stomach. 

The primary object of the dental armature is twofold: (1) To enable 
the animal to bite or chisel off pieces of the hard vegetable substances 
on which it feeds, and (2) to reduce these pieces to a condition of 
minute subdivision suitable to be turned over to the stomach for 
digestion. The. incisors serve the additional purpose of bars, axes, and 
picks in helping the animal overcome the various obstacles encoun- 
tered in driving its tunnels through different soils. When the front 
teeth are used for this purpose, the resulting dirt and chips are kept 
out of the moujli proper by a furry partition, elsewhere described, 
which divides the mouth- as a whole into two chambers. 

MANNER. OF ATTACHMENT OF THE TEETH. 

• 

The- way the teeth are fastenetl in their sockets is in harmony with 
the other remarkable adaptations of the grinding apparatus. The 
attachment is effected by means of the i>eriosteum of the alveolus, 
which does not invest the teeth, but is firmly adherent to the cement 
bands, leaving* the enamel faces free. Thus each tooth is suspended 
by one or more vertical cushions, which extend all the way from root 
to gum. This method of attachment not only relieves the tender pulp 
at the base of the tooth from pressure, but gives to the cutting edge 
or edges an elasticity that must be highly effective. In the case of 
the incisors, the area of attachment is very extensive, comprising the 
whole of the tooth below the gum except the enamel face. The lower 
molars throughout the entire group, and the intermediary upper 
molars in the genus Cratogeoinys, are attac^hed in the same way on one 
side only — the side opposite to the enamel or cutting edge. In the 
case of the upper premolars the principal attachment is along the 
I)Osterior face of the posterior prism, while a supplementary band on 
each side of the anterior prism serves to keep the cutting edges always 
in place. In those si)ecies in which the posterior jjrism of the upper 
premolar develops an enamel band on its inner or lingual side, the 
tooth is suspended by four cement bands. The lower premolar is 
attached by four narrow lateral bands. The-last upper molar is inva- 
riably held firmly in place by three cement bands, one on each side 
anteriorly and one on or near the median line behind. 
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DYNAMICS OF THE INCISOBS. 

^The upper incisor- has been shown to curve in the arc of a circle, to 
cover a little more than a complete semicircle, and to lie in a single 
plane (figs. 18 and 19). Its root is very long with relation to the length 
of the muzzle, always overreaching the first upper molar. It is 
implanted in such manner that its cutting edge is direct^ed downward 
and slightly backward. The h)wer incisor has been shown to curve 
outward in an incomplete spiral, and to traverse the entire length of 
the mandible — its root projecting on the outer side of the condylar proc- 
ess, where it is incased in a thin capsule of bone. This small capsule 
contains the pulp from which the tooth continually grows to replace 
the wear at the other end. The extreme development of these teeth is 
proportionate, of course, to the strain put upon them in chiseling hard 
roots. The upper incisor is subjected to less strain than the lower, and 
its principal function seems to be to anchor the cutting machine to the 
substance operated on, while the greatly elongated lower incisor does 
most of the work. The free end of the lower incisor slopes forward 
and upward, its angle of implantation being different from that of the 
upper. Thus, while the upper incisor remains stationary, its recurved 
and usually divided tip enabling it to hold fast to the object to be cut, 
the lower incisor plays rapidly back and forth like a steam drill, its 
straight enamel edge doing the cutting. 

The great length of the incisors within the alveolus is necessary in 
order to counterbalance the length of the part that protrudes beyond 
the jaws, and also to afford a large surface for attachment within the 
alveolus so as to relieve the growing root from pressure. .The way the 
teeth are attached to the jaw by a long belt or cushion, which envelops 
all but the enamel face, gives to the cutting edge an elasticity that 
must be of great service, not only in increasing the efficiency of the act 
of chiseling, but also in relieving the tooth from jar. 

It remains to notice the interesting secondary modifications of the 
skull and molariform teeth, by means of which the animal is enabled to 
open the front part of the mouth wide enough to use the incisors to 
advantage. The molariform teeth stand much higher out of the jaw 
anteriorly than posteriorly, and their roots increase in length propor- 
tionally (fig. 18). The premolars, both above and below, protrude 
twice or more than twice as far as the last molars. Thus, when the 
mouth is shut and the teeth pressed firmly together, the jaws are at 
least twice as tar ax)art at the anterior as at the posterior end of the 
molar series. Now, the*distance from the crown of the premolar to the 
cutting edge of the upper incisor is two and one-half to three times the 
length of the molariform series on the crowns, and the axis of the skull 
is nearly parallel to the plane of the crowns of the molar teeth. Hence, 
without any other help and with the mouth shut, the ends of the jaws 
(where the incisors cut the gums) would be from five to six times fur- 
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ther apart than at the jilane of the i)osterior molars.* This arrange- , 
ment permits the necessary protrasion of the incisors, the cutting 
edges of virhlch, as a rule, reach the plane of the crowns of the molars 
in the upi)er jaw and slightly pass this plane in the lower jaw. The 
great advantage of this arrangement is most apparent during the act 
of biting off hard roots, when a very slight opening of the mouth proper, 
entailing only a slight separation of the molars, is sufficient (multiplied 
along the length of the strongly divaricating jaws) to separate the 
chisel ends of the incisors widely, enabling them to grasp objects of 
comparatively large size. 

DYNAMICS OF THE MOLABIFOEM TEETH. 

(a) Manner of implantation and curvatures. 

The angle of implantation of the molar series as a whole in both 
upper and lower jaws is i>eculiar. A transverse section of the skuU 
(fig. 39) shows that the roots of the upper molars are nearer the median 
line than the crowns.f It follows that the upper tooth rows are strongly 
divergent from root to crown (fig. 39, e). In the lower series the con- 
Terse occurs, the tooth rows converging from root to crown (fig. 39,/). 
The upper molars slope strongly and curve moderately outward from 
root to crown, while the lower molars both slope and curve strongly 
outward from crown to root. 
The crowns of the opposing series do not meet in a horizontal plane, 

^ but are obliquely truncated; the 

upper series face obliquely down- 
ward and outward; the lower series 
obliquely upward and inward (fig. 
39). When the jaws are shut, lateral 
movement in a horizontal plane is 
impossible. If a circle is drawn 
around the upper molars (fig. 40) it 
is at once apparent that during the 
lateral movement of the mandible 
tlie crowns of the teeth move side- 
ways in the arc of a circle, thus giv- 
ing the utmost possible mechanical 
advantage. The axis of rotation is 
in or near the basicranial axis, and 
the axis or arc of oscillation is short, 
as in a pendulum. To enable the teeth to withstand the great pressure 
to which they are thus subjected, they have developed very Ion j roots 

*The actual condition is not exactly as here described. In the case of the lower 
jaw the distance is decreased by the upward curvature of the anterior end of the jaw 
and the shortening of the diastema. In the upper jaw it is \ncrea9ed by the ezcaya- 
tion of the under side of the rostrum between the molars and incisors. 

t The roots of the upper premolars are even nearer together than those of the molasn; 
they are, in fact, almost in contact. 




Fio. 39.— TransrerDe section of skall of 
Piatygtomyt gymnvrut, showing manner of 
implantation and relations of niolarifonu teeth* 
a, Frontal: 6, zyjzoma; e, palate; d, mandible; 
c, apper molar; /. lower molar; g, incisor. 
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Fio . 40.— Upper and lower 
mulars of Platygtomyt gym- 
nurtu in Dormal position, 
showing angle of truncation 
of crowns, necessitating 
lateral movement in arc of 
circle. 



and a system of complex curvatares and oblique implantations, and 
are suspended in their sockets by vertical bauds of periosteum, as 
already described. When the jaws are shut, the molars on each side 
curve outward so strongly that the distance be 
tween them below (between roots of lower series) 
is several times greater than above (between roots 
of upper series). The result of this arrangement 
is that the molar teeth, during the lateral move- 
ment of the act of grinding the food, press upon 
the opposing series not only in such manner as to 
secure the greatest mechanical advantage, but 
also so as to produce the least jar, since the press- 
ure in both directions is distributed over arcs of 
circles. But this is not all, for if the tooth rows 
are viewed from the side another remarkable 
complex of curvatures appears (figs. 18 and 20). 
It is now seen that in addition to the lateral curvatures there are 
strongly developed anteroposterior curves and incomplete spiral 
curves. In the upper series the premolar always slopes strongly 
forward, and the molars curve backward from crown to root. In the 
lower jaw the premolar and intermediary molars (mi and m2) curve for- 
ward from crown to root and the posterior molar backward. The 
lower premolar is the largest and heaviest tooth of the molariform 
series; it is strongly concave forward, convex backward, and is im- 
planted nearly vertically. The last molar is the smallest tooth, and 
both slopes and curves strongly backward from crown to root. The 
end teeth of each series thus act as braces to support the tooth row as 
a whole during the an tero- posterior movement of the jaws in grinding, 
and to keep the molars constantly ^ keyed up,' so preventing any tend- 
ency to spacing between the crowns. 

In addition to the curvatures described, 
the molariform teeth are usually more or 
less twisted spirally on their vertical axes, 
so that the two ends lie in diifereut tan- 
gential planes. Furthermore, the outer 
(concave) edge is commonly shorter than 
the inner (convex) edge. 

The molariform teeth are so implanted 
that the roots of each lateral series, above 
and below, lie in at least two antero- 
posterior plftnes, the roots of the premolar and last molar in both jaws 
being nearer the median line of the skull than those of the intermedi- 
ary molai*8. The discrepancy is most marked in the lower series, where 
the i)osterior lower molars (m^ and nia) actually straddle the root of the 
incisor (fig. 41). The roots of nii and m, curve down outside (on the 
buccal side) of the incisor, while that of ma lies on its inner (lingual) 
side. In order to do this the latter tooth (ma) not only curves strongly 
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Fio. 41.— Cross section of mandible 
of PUUygeomyi (fymnurus, showing how 
roots of mj and m^ straddle the incisor. 
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backward bat is twisted on its own axis sufficiently to enable its root 
to lie flatwise against the inner side of the incisor. 

{b) Influence of the direction of the jaw movement on the molariform 

teeth. 

The direction of the dominant movement of the jaw exerts a marked 
efl'ect upon the size, curvatares, proportions, and number of enamel 
plates of the molariform teeth. This is well shown in comparing teeth 
from skulls of the same size of Macrogeomys dolichocephalus and 
Platygeomys gymnurus. 

(1) Effect an the size and curvature of the prisms. — ^The length of the 
mblariform series on the crowns is approximately the same in both. 
In M. dolichocephalus^ in which the principal movement is antero-pos- 

terior or neai^y so, the premolars and last molars, 
which form the end posts of the series, are very 
much lengthened and enlarged, while the inter- 
mediary molars are essentially the same size as 
in P. gymnurusj in which animal the principal 
movement is transverse or obliquely transverse. 
The lower premolar of dolichocephalus (fig. 42, a) 
contrasted with that of gymnurus (fig. 42, b) is 
not only larger and longer, but its root carves 
forward much more strongly, increasing its resist- 

Fio. 42.— Lower premolar , mi ^ ^ ^i 

•howiiiK difference in eixe ^g power as a bracc. Throughout the group 
anil curvature according to this tooth (the lowcr premolar) acts as an immov- 

movement^rs t°l!urfr;I*oT ^^Ic post or buttrcss agaiiist which the molars 
Bidewaye. a Maerogeomyt prcss during the to and fro grinding movement; 
iMichocephaius; b piaty^ j^ -^ -^ naturally largest in those species in 

which the principal movement is antero-pos* 
terior (see fig. 26).* The intermediary upper molars (m^ and m*) are 
longer and less curved in dolichocephalus than in gymnurus; the inter- 
mediary lower molars (mi and m2) are essentially equal in length in 
the two forms and are equally curved, but the curvatures are dift'er- 
ent: In M. dolichocephalus the upper half of the prism is nearly 
straight, particularly in m2; the curvatures are more abrupt; the ante- 
rior curve is much greater than in gymnurus^ and the spiral twist is 
more pronounced, the root end of the teeth rotating more strongly 
inward. The posterior molar, both above and below, is much broader 
and heavier in dolichocephalus than in gymnurus^ and the upper one is 
more strongly curved bjickward. The strong outward inclination of 
the roots of the end teeth of the series tends to keep the molars per- 
petually keyed up, preventing any spacing between the crowns. The 
destructive effects of the toand-fro movement of the powerful planing 
machine are thus successfully offset. 

*\Vhat the lower premolar accomplishes by its massiveness and fixed position, the 
upper premolar accompliBhes by its leugth aiid augle of implautation. 
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(2) Effect on the proportions of the prisms. — The breadth of the molar 
prisms with respect to their antero-posterior diameter is materially 
affected by the direction of the dominant movement of the jaw. This 
is readily seen in the crowns which are much more elongated trans- 
versely in those species in which the principal movement is obliquely 
transverse (P. gymnurus and others) than in those in which it is chiefly 
antero-posterior (3f. dolichocephalus and others). In the former series 
the transverse diameter of the crown (of upper molars) averages two 
and one-half times the antero-posterior; in the latter, only two times. 

(3) Effect on the number and size of the enamel plates, — Perhaps the 
most conspicuous and important of the differences in the molariform 
teeth, resulting from the direction of the dominant movement of the 
jaw, is in the number of the enamel plates on the upper intermediary 
molars. Two plates are invariably present in those forms in which 
the dominant movement is antero-posterior (genera Geomys, ZygogeomySj 
Orthogeomysj Macrogeomys, and Heterogeomys) ; while only one is present 
in those in which the movement is obliquely transverse (genera Platy- 
geomys and Cratogeomys). In the latter case the enamel is restricted 
to the front face of the tooth, the posterior plate being obsolete, and 
the upper premolar resembles the molars in this respect, the p(»sterior 
enamel plate being invariably absent. 

ARRANGEMENT AND MODE OF OPERATION OF THE CUTTING BLADES. 

Tlie arrangement of the enamel plates and the direction of the dom- 
inant movement of the jaw in mastication present two widely different 
types in the animals under consideration. In one of these types the 
principal movement is obliquely transverse; in the other it is antero- 
posterior. They may be best considered separately. 

(a) Dominant movement of jaw oblUiuely transverse, — When the upper 
tooth row of Platygeomys gymnurus^ or any other species in which the 
dominant movement is obli<iuely transverse is 
examined as a whole, it is found to be made up 
of five flattened columns of dentine arranged 
seriatim one in front of another, and each 
faced in front with a vertical x>la'te of enamel 
which projects a short distance beyond the 
crown (fig. 43 \). These five enamel plates are 
strongly convex forward and their curvatures p,^ 43._Longitudinai •ecuon 
are essentially parallel (tig. 44*). An addi- of molariform t^^eth of Piaty- 
tional enamel plate covers the posterior face ^*^'7^' gymuuruM mgv^^ 

* * matic). (1) Upper; (2) lower. 

of the anterior i)illar of the premolar and the 

isthmus connecting the two parts of this tooth; and the two lateral 
plates of the last upper molar may bo considered as together forming 
another cutting plate, making seven in all in the upper series. Turning 
now to the opposing series — the lower molars — the opiX)site or 
complementary condition prevails, a curved enamel plate covering 
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the jtosteriOT face of each of the five flattened colamns of deDtine 
(fi^8. 43^ anil 44'). Two additional transverse iilates complete the 
nrinaiiieiit of the Inwer premolar, making seven in all, us in the upper 
series. It slionld be observed further that the concave sides of the five 
regalar enamel plates face backward in the 
upper series and forward m the lower series. 
If now the two series are superimpo.se<l in 
the pusition they naturally assume in the 
mouth (lig, 45), and the lower series is moved 
obliquely forward aud outward in the direc- 
tion it normally takes when drawn by the 
masseter, the two sets of curved coamel 
blades come together like the opposing 
blades of seven pairs of shears working 
almost simultaneously, with this difference 
in favor of the teeth, that in addition to the aiitero-posterior closing 
movement the curved tiladea :«lide over one another laterally, thus giv- 
ing the gi-eatest possible advantage in slicing the hard roots and otbet 
unyielding substances un which the animals feed. The length of the 
blades gives a loug sweep, while the curvatore'* iusurea the passage of 
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eiu'h particle of food against the cutting edges. The action is still 
further favored by the oblique truncation of the molar crowns and the 
l>eculiur method of suspension already described whereby the unyield- 
ing enamel bla«los gain an elasticity which gives them a shearing niution 
of the highest efficiency. The cutting is done duriug the obliquely for- 
ward movement of the mandible ; the complementary movemeDt is sim- 
lily one of recovery and has no eflect on the fooil. 

The forward movement is evidently complex aud apparently consists 
of three independent motions by which the mandible is shifted from 
side to side in a zigzag inaniier, as follows: (1) The mandible is carried 
obliquely forward an,d to one side until eiich of the enamel blades has 
completed a shearing cut against one of the blades of the upper series; 
(2) it is then carried obliquely forward in the opposite direction until 
each blade completes another cut; (.'}) it then tnrns again and the 
molar blades accomplish a third cut, leaving the upper and lower series 

■ TliB ccnifavo siiles of thi- pnaniwl bliiilcH uiovc toward aud over one anotber, 
iuiliMiiig lliu food 111 ii ra[iiJl.v noiitraeliu;; luop, the oppusiti) Bidea of which meet 
Mid paw, leaving no chance for food to escape. 
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nearly in the same vertical plane. The lower series has been carried 
forward so that each tooth stands considerably in advance of the 
corresponding tooth of the upper series. A fourth movement, that of 
recovery, brings the mandible back to the starting point. The limit of 
the to-and-fro movement is nearly the same throughout the family 
Geomyidw and is measured by the anteroposterior diameter of the 
crown of the premolar, which it slightly exceeds. When the jaws are 
at rest the front face of the lower premolar rests on or slightly bel^ind 
the corresponding face of the upper premolar. When the jaw is drawn 
forward until the lower incisor strikes the posterior beveled face of the 
upper incisor, the lower premolar stands free from and wholly anterior 
to the upper. Hence, the thickness of the premolar is slightly less 
than the distance covered in the toand-fro movement of the jaw. This 
being the case, it is easy to ascertain the number of cuts made by the 
enamel blades during each stroke of the jaw in mastication. By super- 
imposing tracings of the upper and lower molar scries (fig. 45) and 
moving the latter obliquely forward and outward under the former 
it appears that of the four cutting blades of the lower premolar the 
first is unimportant, the second glides over two cutting edges of the 
upper premolar during each stroke, the third and fourth cut against 
three edges each, and the single blade of each of the three true molars 
cute over three enamel plates of the up])er series (counting as one the 
two lateral plates of the last upper molar against which they cut), 
making seventeen cuts for eac^h stroke of the jaw. 

In a tame Geomys lutescenH it was found (by actually counting the 
contractions of the temporal muscle) that the mandible makes 200 com- 
plete strokes a minute, which, at the rate of 17 cuts with each stroke, 
is equivalent to 3,400 cuts by a single pair of blades. This is the num- 
ber of cuts made by the blades of a single ramus; but since the blades 
of both sides doubtless act simultaneously the number should be 
doubled, making a total of 6,800 cuts each minute! 

The enamel ])lates are so spaced, by means of slight diflferencos in 
the anteroposterior diameters of the upper and lower molars, that 
when the jaws are shut together and the movement of mastication 
takes place, only one pair of cutting edges comes into bearing at a time. 
The seven sets of blades, therefore, instead of cutting simultaneously, 
follow one another in rapid succession, one pair just completing its 
stroke as the next begins. By means of this delicate adjustment only 
one-seventh the power is required that would be necessary if all oper- 
ated together. 

If, in the animals having the above described shearing movement of 
the molars, a posterior enamel plate was present in the upper inter- 
mediary molars, or an anterior plate in the lower molars, the possession 
of such plates would obviously be a mechanical disadvantage, as they 
would not only be of no use but would be actually in the way. Hence, 
in the evolution of this specialised type one plate has been suppressed j 
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and the fact shonid be emphasized that theloasofa useless enamel 
plate JH Its clearly a sign of si>eciaIizatioii as the development of an addi- 
tional plate where needed. In the less specialized genas Thomomyt 
both plates are always present (ftg. 32, b), 

(b) Dominant moremeal of jait anteroposterior.— In the TemainiDg 
groups the movement of the jaw is chiefly antero-pOBterior, the crowns 
of the teeth are more broadly elliptical, and 
enamel plates are present on both sides of the 
upper molars (fig».46and 47). In some genera 
Ihe posterior plate, which is always thiuner 
than the ant«rior, aivers the whole hinder 
face of the tootli ; in others it is restrictwl 
to the inner side, according to the exact axis 
of iaw movement. Whenever the ellipse is 

Plo,«.-L<mgitiidli«l»ctlmof ■' .■.,,, r t 4-u 

moiArUorm t««th of Haerogromyi broad, aiid IS SO directed with reference to the 
doKfftoMpRoim (liUgrammntir;, pQamel plat<>s of the adjacent teeth that it 
Pi»r»«ri.>i( I «*et. presents a free edge toward the food that 

is being ground, this ettge is invariably pi'otected by a plate and catting 
edge of enamel. Conspicuons illustrations ofthis law may be seen in 
the upper premolar of Zygogeomyt, Macrogeo- 
myg, and Het^trogeomyg, and in the upper inter- 
mediary molars of Zygageomys, in all of which 
the posterior enamel plate is restricted to the 
lingual side — the side impinged npon by the 
food. Un the other hand, non-catting edges 
Fio .«7.-Crown»orinoUrifonn protected by the enamel plates of adjacent 

t^M«. "»%'^^7%t'^t'' *^^'' *'® ^®*'*'" *••*' "''*'>o"t' enamel of their 
own, because such enamel, if present, wonid 
not only he of no use, but would be a<-tually in the way, as already 
explain e<l. 

By superimposing tracings of the upper and lower molar series of 
Macrogeomyn dolickocepkalim (tifr- *8) and moving the lower backward 
and forward under the upper as nearly as possible in the way they are 
moved by the living animal, it is found that the cutting blades make 
nineteen cuts during oich forward stroke of the jaw, as follows: The 

Fin.^a.— SupciiinpoKd molsr MriM or Macrogeomyt dsKiAooqiAaliu ■boiring rel^tloBa of inuMl 
blades. Ligbt ootlloea. lower apries; dsrV. upper, afrontinid. 

anterior plate of the lower premolar does not cut at all, or, if it cuts its 
action is so limited as to be of no particular consequence; the posterior 
plate of the anterior prism makei4 two cuts; the anterior plate of the pos- 
terior prism, three cuts; the posterior plate of the premolar and that of 
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the first molar make four cuts each; the second and third molars, three 
cuts each (counting the two lateral plates of the upper molar, agaiust 
which m3 acts, as if they were a single plate), making nineteen iu all. 
During the return movement fourteen cuts are made, as follows: The 
second and third transverse plates of the i)remolar make two cuts each ; 
the fourth, three; the first molar, three; the second and third molars, two 
each. The backward stroke is evidently less i)owerful and less eft'ective 
than the forward stroke. 

Since the teeth on both sides of tiie mandible cut simultaneously, the 
total number of cuts during each complete stroke will be double the 
number above mentioned, or 38 for the forward stroke and 28 for the 
backward stroke. Assnining that the number of complete strokes each 
minute is the same as in (^eomys luteseensj namely, 20(), the total number 
of cuts made each minute on the forward stroke would be 7,600, and on 
the backward stroke 5,(>0(), making a grand total of 13,200 cuts each 
minute while the jaws are in active operation ! 

Stroke of the jaw. — There being no postglenoid process, the backward 
movement of the jaw is not interrupted until the condyle strikes the 
auditory bulla at the base of the tube of the meatus. When the con- 
dyle rests in this position and the molar series are in apposition, the 
front fsM^es of the premolars above and below are in line. The forward 
movement of the jaw is stopped by the incisors and reaches its limit 
when the front faee of the lower incisor strikes against the posterior 
face of the beveled edge of the upper incisor. Wiien this hapi)ens* 
the upper premolar usually rests on the back part of the first lower 
molar. 

From the foregoing account it must be clear that the molars, which, 
considered as individual teeth, are simple elliptical tubes, lacking the 
complicated enamel patterns of the beaver, porcupine, and many otiier 
rodents, are so constructed that collectively they form one of the most 
IKJwerfnl and highly specialized cutting and slicing machines known. 
The way the narrowly elliptical crowns are placed side by side flatwise, 
the hard i)rqjecting enamel blades alternating with surfaces of soft den- 
tine, results in the production of a cutting and rasping apparat us equal 
if not superior to that possessed by thos(* rodents and ungulates that 
have complicated enamel folds within the substance of the teeth. Tiie 
obliquity of the crowns, whereby the upper and lower series are brought 
together in the arc of a circle, gives them remarkable power under 
the transverse movement of the jaws, while the way the teeth are sus- 
pended on vertical cushions, together witli the angle of implantation 
and the d<mble curvatures of their prisms, enables them to withstand 
the great strain to which they are subjected without danger of dis 
placement and without injury to the tender i)uli)s at their bases. 

The secondary modifications of the skull resulting from tiie action of 
the muscles operating this wonderfully effective machinery are dis- 
cussed elsewhere (pp. 104-107), 
7i33— No. 8 7 
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TREATMENT AND COl'RSE OF THE FOOD. 

The circumstance that all the members of the OeomyidcBlive ntider- 
grouiid has an important bearinjj^ on thekind of food hnbitually eaten, 
and is thus the remote cause of the special adaptations of the dental 
armature, and of the secondary cranial modifications necessitated 
thereby. The animals sometimes come to the surface and cut the steins 
and leaves of i)lants, which they draw into their sabterranneantmmels, 
but in the nmin the choice of food is restricted to such parts of plants 
as may be found within the ground. The food therefore consists chiefly 
of tubers and roots, including the hard roots of trees and shrubs, the 
tough rootstalks of the mescal or agave, and the like. In dealing with 
these unyielding substances the animal gains one de<;ided advantage— 
the roots on which it feeds are held firmly in place by the earth while 
pieces are chiseled off by the broad, trenchant cutting edges of the 
powerful incisors. In the case of certain relatively soft substances, 
such as potatoes, the lower incisors are sometimes used alone, both as 
a pry to dislodge pieces and as a scraper to scrape off thin slices, but 
as a rule both upper and lower incisors oi)erate together. The prin- 
cipal function of the upi)er incisors seems to be to transfix the tuber and 
oppose the action of the lower while the latter do most of the work, 
moving rapidly backward and forward (and at the same time upward), 
until a piece of food is cut loose or suf!iciently undermined so that it 
^may be torn loose by a backward movement of the head while the teeth 
are held firmly together. The bit of food thus dislo<lged is either 
reduced in size by trimming — during which operation it is held between 
the large forefeet, the long claws turned inward toward one another — or 
is passed diiectly into the mouth or ('heck pouches. The mouth jn-oper, 
it should be remembered, is separated from the ini'isorsby a furry parti- 
tion which is directly in front of the molars. This diaphragm like par- 
titi(»n is of great service to the animal, keeping dirt and chips out of 
the mouth. When the food reiu'hes the mouth j)roper the tongue and 
lips keep it between the teeth, where it undergoes the treatment com- 
monly described as grinding. But in the highly specialized forms of 
the Qeomyulw no real grinding occurs — the whole process is one of cut- 
ting or slicing. The arrangement of the enamel plates that form the 
blades of the cutting machine has been already described in detail. 
In those S]>ecies in which the princii)al movement of the jaw is antero 
posterior the mechanism is essentially a lylanlng machine, while in 
those in which the dominant movement is obliquely transverse it is a 
shvariuij or slichu/ machine. In either case the tough vegetable fibers 
composing the food are quickly reduced to a pulj), which is promptly 
passed on to the stomach for digestion. 

Ml SOLES THAT OPERATE THE Cl'TTlNCf MACHINE. 

The i>rincipal muscles concerned in the movements of the jaw are (I) 
temporal, (2) masseter, (;]) internal pterygoid, (4) external pterygoid, 
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(5) digastric, and (6) transverse mandibular. Of these, by far the most 
important single mnscle is the masseter. 

The temporal muscle occupies the whole of the upper surface of the 
craiiium behind the orbits, covering the parietal, squamosal, and pos- 
terior part of the frontal as far forward as the postorbital prominence. 
It arises from the flat upper surfacesof these bones and from the lamb- 
doid a!id sagittal crests. The muscle is indistinctly divided into tw^o 
parts — a superficial and a deep— which are not well defined in their 
origin. The fibers of the muscle as a w^hole converge anteriorly; those 
of the superficial part are inserted into the apex, posterior edge, and 
inner side of the coronoid process; those of the deep part play over the 
trochlear groove and at the margin of the orbit drop vertically down- 
ward and are inserted by a dense aponeurosis on the anterior edge of 
the basal half of the coronoid ramus from the plane of the molar crowns 
upward to a point slightly above the plane of the coronoid notch; pos- 
teriorly the muscle remains fleshy and covers the inner side of the cor- 
onoid ramus where its insertion extends downward to the bottom of 
the deep pit between the ramus and the posterior molar. The function 
of the temporal muscle is to shut the mouth, and in some species to 
draw the mandible slightly backward. ()i)erating in connection with 
the digastric, it performs the backward stroke of the to and fro move- 
ment of the jaw in the dolichocephalic series, the masseter producing 
the forward stroke. 

The masseter is a large complex muscle aiid is by far the mostimi)or- 
tant of the muscles concerned in the act of mastication. It is incom- 
pletely divided into three parts, which, from their principal sources of 
origin, may be described as the rostral or superficial, maxillary, and 
zygomatic parts. 

(1) The rostral or superficial part arises by a long and dense aponeuro- 
sis from the outer side of the rostrum on the line of the preniaxillo- 
maxillary suture, its ui)per border being immediately in front of the 
infraorbital foramen. It passes thence obliquely downward and back- 
ward, developing muscular fibers and spreading out posteriorly into a 
flat muscular band which is inserted upon the inferior crest of the 
masseteric fossa and the inferior surface of the mandible from the 
digastric crest posteriorly to the base of the angular process, its inser- 
tion being wholly fleshy. It is the most i)Owerful muscle in drawing the 
jaw straight forward, and is aided in the dolichocephalic species by the 
zygomatic branch of the masseter. 

(2) The main body of th^ masseter arises from the side of the anterior 
part of the maxilla and adjacent parts of the maxillary root of the 
zygoma. Anteriorly it slightly overlaps the posterior part of the pre- 
maxilla immediately below the top of the rostrum, where it forms a 
distinct crest continuous with the anterior edge of the maxillary root 
of the zygoma. The principal origin covers the whole of the anterior 
face of the vertically expanded zygomatic i)rocess of the maxilla, and 
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in addition a thin supplementary sheet takes origin from the ]K>sl.enor 
face of the same bony phite (within the orbital chamber). Posteriorly 
its origin is limited on the outer side by a thick aiN>neurosis, which is 
firmly attached to the inferior surface of the antero external angle of 
the zygoma. The jmrt within the orbit follows the inner face of the 
horizontal part of the zygoma all the way biwik to the glenoid ligament, 
to which its posterior libers are attached. This part of the muscle is 
inserted on the outer side of the neck of the condylar ramus just above 
the incisor capsule. 

(3) The zi/ffomatic part of the masseter arises from the outer side of 
the horizontal i)art of the zygoma, its origin embracing the outer sur- 
face of the s(|uainosal root of the zygoma and the outer side of the jugal 
below the oblique crest which marks the limits of its insertion above 
and in front. Jt arises also from the aponeurotic septum which sepa 
rates it from the mam body of the muscle. It is inserted upon the angu 
lar process of the mandible, its insertion covering the upper surfiice of 
this process trom the incisor capsule outwardly to and over the head of 
the process, and also the ni;der surface of the process to its very base, 
where its insertion bcMomes continuous with that of the main body of the 
muscle. Its function in (icomija ])roper and in all the dolichoeephaUc 
species is to draw the jaw forward. In the platycephalic species its 
insertion is carried so far outward by the great elongation of the angu- 
lar proiess that it serves to move the jaw sideways, in which act it is 
aided by the pterygoid muscles. 

'J he internal ptrrj/fioid mnscle arises from the pterygohl fossa of the 
skull, which It completely tills. Passing directly outward and slightly 
downward, it is inserted into the pterygoid fossa of the jaw, where its 
line of attachment has developed a strong crest along the posterior edge 
of the angular process. Its function in (ieonn/H proper and in all of the 
(lolichocephnlic species seems to be to bring the posterior end of the molar 
seri(*s tirmly t^)gether when the jaw is shut. In the platycephalic specie^j 
it aids the masseter in moving the jaw sideways. 

The external pteryyoid arises from the alisphenoid l)one on the outer 
side of the root o* the last upper molar and is inserted into the inner side 
of the in ck of the condyle. Its function is evidently mainly the same as 
that of the internal pterygoid, though in addition it tends to move the 
mandible slightly forward. 

The ditjantrie arises from the paroccipital process and adjacent x>art8 
of the mastoid and audital bulhe, and is inserted on the digastric crest, 
which projects backward from the hinder part of the symphysis of the 
mandible. It is largely developed, its function being not merely to 
open the mouth, but, operating with the temporal, to draw the jaw 
strongly backward m the to and fro movement of mastication in the 
dolichoeephalie series. Its action is very direct and powerful. 

The transverse mandibular muscle connects the two halves of the lower 
jaw immediately behind the symphysis^ where, in many species, there is 
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a distiuct fossa for its lodgiiient. It must fultill an important function 
in regulating the adjustment of the tooth rows during mastication. 

MUSCLES OF THE (^HEEK POUC^HES. 

I have not dissected the muscles of the cheek pouches, but they have 
been described by Dr. C. E. McChesney* and Prof. II. L. Osborn.t 
Dr. McChesney states that the aperture of the pouch is surrounded by 
a narrow delicate ccmstrictor muscle, and that the long pouch itself, 
which extends back to the shoulder, is enveloped by a contractor mus- 
cle which seems to be a modified part of the platysma myoides. This 
muscle consists of two parts: (1) a retractor part, reacliing from the 
extreme posterior end of the pouch bjuikward over the muscles of the 
back and ending in a broad thin tendon which blends with the tendons 
of the superficial dorsal muscles, to be inserted into the spines of the 
three last lumbar vertebra*.; (2) an anterior part which envelops the 
pouch proper. This latter is in turn subdivided into two parts — exter- 
nal and internal. The former covers the upper or outer i)ortion of the 
pouch and is inserted into the maxillary bone (probably /irt^maxillary). 
The latter covers the inner and under sides of t he pouch and is attached 
to the mandible, though the uppermost fibers join those of the former 
division, to be inserted on the upper jaw. Dr. McCliesney states that 
the lower and inner surface of the muscle is thickest, the outer surface 
being thin and of little power. 

Prof. Osl>orn describes the muscles of the pouch as follows: ^' There 
are three distinct sets of muscles; these are, first, a circular muscle that 
runs around the margin of the pocket in its outer bounding fold. This 
by its contraction would seem to purse the opening of the pocket. Tlie 
second set of muscles are those that I will call the protnictors of the 
pockets. These are two in number on each side. They are spread out 
in the skin of both the inner and outer posterior portions of the pockets, 
and their fibers converge forward to finally form somewhat definite 
bands. The outer of these is attached in the skin at the origin of tiie 
fold on the upper jaw. The other is attached to the lower attachment 
of the fold at the lower jaw. These two muscles thus surround the 
pocket, and their contraction pulls its recess forward to the opening of 
the vestibule. The third set of muscles are the retractors of the pocket. 
These arise funnel-wise from surface of the pocket, both on its inner 
and outer aspects, and they run backward and dorsally parallel to the 
fibers of the latissimusdorsi and totally free from the skin. They form 
a band three or four inches long and nearly a!i inch wide, and are 
finally inserted in the tendinous aponeurosis that covers the inser- 
tion of the latissimus dorsi and is attached to the neural spines of the 
anterior lumbar vertebne. These by their action retract the pockets." 
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PRINCIPAL MUSCLES CONNECTING THE HEAD WITH THE NBOK. 

The sternomoHtoid muscle arises by a tendinous apooearosis from the 
manubrium of the sternum and is inserted into the mastoid process of 
the squamosal immediately behind the auditory meatus. 

The cleidonuistoid arises from the middle part of the clavicle and is 
inserted on the upper or dorsal aspect of the mastoid process of the 
squamosal immediately over or above the insertion of the stemo-mas- 
toid. Its fibers are but little sei)arated from those of the trapezius. 

The trapezius muscle arises from the ventr.il surface of the outer 
third of the clavicle and the adjacent acromial process of the scapula 
and the spine of the scapula for its entire lengtli ; near the median line 
its fibers seem to be continuous with those of the median part of the 
latiHsimus dorsi. It is inserted on the lambdoid crest for its entire 
length, its outer edges beingcontinuous with the insertion of the e(et<fo- 
mastmd. 

The rhomhoideuH lies immediately below the trapezius. It is much 
less extensive than the latter, but considerably thicker. It arises from 
the superior face of the spine of the scapula and the adjacent anterior 
part of the vertebral border of the scapula, and is inserted into tUe pos- 
terior fa(;e of the lambdoid crest immediately beneath the insertion of 
the trapezius. 

ANALYSIS OF JAW MOVEMENTS. 

Turning now from t lie consideration of the individual muscles to the 
study of the origin of the complex movements of the jaw in chiseling 
and slicing the food, even grciiter difficulties are encountered. The 
following attempt, therefore, is subject to correction. 

(1) The act of chiseling, — From what has been said it appears that 
the act of chiseling is performed in essentially the same way in both the 
platycephalic and dolichocephalic members of the group, and that it is 
due to the joint action of the masseter and temporal muscles, the former 
being more effective than the latter. 

The thin enamel edge of the upper incisors is used chiefly as an 
anchor to fasten the cutting machine firmly to the object operated upon, 
while the lower jaw plays back and forth like a drill in accomplishing 
the work. Theexserted part of the upper incisors, therefore, is curved 
downward and inward, and the edge, which is very thin and sharp, is 
broken by one or more grooves, which enable it to penetrate hard sub- 
stances more easily than if it were straight. The face of the lower 
incisor slopes strongly forward as well as upward and the axis of its 
movement in cutting must be obliquely forward and upward. The 
principal muscle concerned in chiseling is the masseter, which is aided 
by the temporal, and in some cases also probably by the pterygoids. 
The way the posterior part of the ramus of the mandible curves upward 
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ill the arc of a circle has a highly important bearing on the efficacy of 
the action of the masseter, and has doubtless been molded into its 
l)resent shape by this all-important muscle. The rostral part of the 
masseter is nearly horizontal; from its aponeurotic origin on the sides 
of the rostrum it spreads out posteriorly and is inserted broadly over 
the posterior curvature of the upturned ramus of the mandible, its 
action being to draw the mandible as a whole directly forward. Tlie 
main body of the muscle is nearly vertical, but sloi)es slightly back- 
ward from its maxillary origin to its insertion on the outer side of the 
nmndible; in contracting draws the jaw slightly forward and power- 
fully upward. In those species in which the zygomatic part of the 
masseter is nearly vertical instead of transverse this part of the muscle 
aids the rest in moving the jaw forward and upward. The masseter is 
aided still further by the temporal muscle, which, using the condyle as 
21 fulcrum, moves the lower incisors upward. 

(J) The act of slicing. — The act of slicing the food is performed in dif- 
feient ways in the two series of animals, being chiefly a to and-fro move- 
iiicMit in the dolichocephalic species and a transversely oblique rotary 
movement in the platycephalic species. In the dolichocephalic species 
both the forward and backward movements are important, while in the 
platycephalic H\)iMi'ies the backward movement is merely one of recovery. 

J n the dolichocephalic series, therefore, the forward movement produced 
by the masseter reciuires a powerful counter movement in bringing the 
jaw b;ick. This is supplied, apparently, by the joint action of the 
digastric and the deep part of the temporal. The latter holds the teeth 
(irmly together and draws the jaw slightly backward, while the digastric, 
contracting at the same time, i)ull8 the jaw powerfully backward, the 
superficial part of the temporal, which is inserted on the coronoid proc- 
e-s, preventing it from opening the mouth. 

In t\\e platycephalic series, as already stated, the principal movement 
is obliquely transverse, the jaw being drawn outward and forward. 
The muscles producing this action arc the zygomatic part of the mas- 
seter and the pterygoids. Jt is i)robable that they are largely aided by 
the deep jmrticm of the temporal, which is inserted into the pit on the 
outer side of the posterior molars. The fibers of this part of the tem- 
poral muscle being vertical, bring the teeth firmly together and draw the 
under jaw slightly outward, which movement, in connection with the 
angle of truncation of the crowns of the teeth, must result in the trans- 
verse rotary motion. 

The mouth is opened by means of the digastric muscle, which is 
beautifully adapted to this end, its origin taking hold of the posterior 
part of the cranium on each side of occii)ital condyles, while its inser- 
tion is carried forward all the way to the symphysis of the jaw. The 
digastric does not appear to be assisted by any other muscle in perform- 
ing its function of opening the mouth. 
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IKPLVENCE OF THE MASSKTBR MISCLE IN HOLDING THE SKVl.L 
AND MOUIFYING THE TEETH.* 

Tlirougbout tUo GeomyidfE the masseter nmscle has prufouDtl ly mcxli- 
fied llie form of the skull and the cliaracter nf tlie teetli, aud is lai'g«Iy 
re:>]K>i)Bible for the extraoidioary cranial peculiarities tlmt distinguish 
the several geneni. i'erhaps it would he better to Hiiy that slight dif- 
ferences in the direction of the princiiial movouient of the jawiii grijid- 
ing the food, which have proved an advantage to the animal, have by 
natural selection devclopetl certain fibers or parta of the muacle at the 
expense of other parts, and that the differences thus origioated have 
been |>er]>^tuated aud intensified until tbe muscle has in turn uiokbd 
the bones to which it is atta^^hed, and also those with which it comes 
in contact, thus altering the form and projtortioos of the cranium a-^ 
a whole, and giving rise to extreme varialious in tbe size, shape, and 
position of the zygomatic arch and in the development of tbe angle of 
the jaw. At least two very distinct lypi>s of skull have beeu estab- 
lisfaeri in this way — abroad or p(a(ycppA«i(c type (pi. 3) and a narrow 
or dolichocephalic tyi»e (pi. 6).t 

By contrasting the accompanying figures of representative skulls of 
these two tyttes, with respect to the areas of attachment of the priiici- 
mo 'P 
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pal parts of the masseter, tbe action of tbe muscle and its effects on 
tbe skull may be better understood. Without repeating tbe detailed 

'Cor au iniportiitit vliuptcT uti the goiicnil siibjt'ct if tbn inHiiuni-e of thu iiiiitclirH 
in ahfipiug tbe Hkiill in the liodentia, nee Herlnf Willie, Jurdfinidno ug 
Onuvere fni Lagna SHnla, Midiw GerneH, BraHilieu. 18X8, 103-110. 

t TboBe cxtrriDeR iii tliu fonii of tlio skull are broiiglit nboat mainly b; nltvratioi 
ill tije siipurilcial or uuter purtn, tb» fiinilain?]ir:il HtrnctiireH niid rvlati 
very niucb tlie same iu botb, an aliuwii by sertiouizetl Bkulla (pis, IT aiid 18). 
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descriptionB already given under the liead «f tlie nmacle (p. it9], it may 
bo stated that the principal part of tlie masseter arises from the Hide of 
the maxilla in front of the zygomatic arch, and from the adjacent parts of 
the premaxilla and tlie maxillary root of the zygoma (fig. i% mo). It is 
iiisvitc'dupoiitheoiitersideof tliemiiudiljie, and the area covered hy it» 
iiisci-tioii — the masseteric foitna — extends from the angle to tlie plane of 
the fi-ont of the premolar (fig. 4!(, mf ). Ita origin, insertion, and relations 
are essentially the same tliroughont the group. Tbejugal part arises 
from the horizon ta] arm of thtf zygoma and io inserted upon the npi>er 
side and end of the angle of the jaw. Its size, form, area of origin, axifi, 
and relative importance differ coiiaiiienously in the varioas membeis of 
the series. In some fornm it arises tcova the entire length of the hori- 
zontal part of the arch (fig. 50, Jo); in others from the posterior part 
only (fig. 49, jo). The upper limit of its origin is marked by an oblique 
line and a change of direction in the outer face of tbejugal.* 

Efi'ect on the skull. — In the long and narrow skulls, of which Macro- 
ffetmiys doUchocepltalus may be taken as a type, the great body of the 




inasseter is parallel to the aide of the face, its function being to <^losc- 
thejaws firmly and draw the mandible forward. Its principal origin 
is maxilhtry, the Jugal piirt bt^iiig small and posterior to the plane of 
the middle of the orbit (fig. i'f.jo). The resulttpig principal movemeni 
of the jaw is an tero- posterior. The action of the mnsde has narrnwcil 
the zygomatic arches, rounded oft' their anterior angles, and lilted tliuni 
out of the way until the horizontal part of the arch is miieli nearer the 

* Oning to tbe Bcarcity of mali-rinl fi>r iliHsei'tiim tUu luiisitcCor iDiim'li' ilMelf has 
iKicn artiiall.Tesamiiieil in two forum only, iiumely, (lfaiiiii>biir»ariiiH iiuil .U'lrrofl.wnijw 
dolhhocepkaluii. Its relntii>n8 in these Hjiei'ies. Htiiilied iti vunnoction wjib the well 
■IcIlDe'l (bssii- on tlie ikiiU inarkiuK it;it oHkiu uiuI JnuTtioii, lurnisli ii vi-rj' good 
giiklo to ita niodi flea t ions auil to tliv part it bus played iu iiruJiicin^ thu ssveral 
types of ccanium koowu iu tbe gruiip. 
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toi) of tbe skull iti front tluiii bttliiiiil (Hg. 49). The libers of tlie jiigal 
brauch are ueiiily vertical, and aie of little use except in drawing up 
tlie back part of the jaw. This may be s«eii from fig. ii'J: the muscle 
passes downwai-d from the zygoma (zy) to the angle of tlie Jaw (a). 

Id tbe broad and flat skulls, of which Ptatygeomjfi gymnHruit may be 
taken as a type (tig. 50), the jugal branch of the masseter is largely 
developed, its function being to move tlie jaw sideways at the same 
time tliat the maxillary part brings tbe teeth finuly together. The 
resulting principal movement of the jaw is obliquely transverse. Id 
producing this lateral movement the jngal brauch is aided by tbe 
pterygoid muscles, but the latter must have i>layed avery subordinate 
part in molding the skull. Tbe jugal part of the massettr in tbe 
platycepkalie series is not ouly of relatively large size, but tbe urea of 
its origin is greatly extended (fig. 5U. jo) and the axis of its fibers has 
become more nearly horJKOutal than vertical (fig. 54, a to zy). Its origin 
occupies the outer and inferior surface (and probably most of the 
inner surface also) of tbe horizontal part of the zygomatic arch for 




Zygomi 



its entire length, its anterior end being in front of tbe plane of the 
orl>it Tbe action of this part of the luassetcr has drawn the zygomatic 
arch far outward and has pulled the anterior angle downward until 
the lalter is turtbei from the plane of tbe t^ip of the skull than the pos- 
terior end of tbe arch. The angle is thus drawn down until it rea^-hes 
four-fifths of the way from tbe plane of the t4ip ut the skull to the jdane 
of the molar alveolus, overreaching and overarching the maxillary or 
principal part of the masseter muscle, which oiiciates beneath it (fig, 
5(1, which should be contrasted with flg. 4t) vl Mavroffeotni/s dolichoceph- 
alus). The insertion of tbe muscle bus produced an ec^ually extraordi- 



INPLDENCE OF MA8SETEB MUHCLE. 



107 



ii»ry eS&jt upon ttie 8liai>e of the uiiiler J:iw. The sides of tlie jaw are 
not only Biirend widely apart iii coiifoimity witli the gretit breadtli <if 
the akoll^ but in addition the fibers of tUe iiiasaeter that are inserted 
on the aii{<^lar proeeas Iiave fttimulated this process to pusb out side- 
ways niitil it readies off like a long arm at uearly a riglit angle to the 
axis of the skull (figs. 53 and 54, a).* The leugttiening of this proc- 
ess was clearly necessitated in order to coutinue the effective action 
of the moHcle. Farthermore, the segi-egation and specializatiou of the 
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two parts of the oiasseter in the platycephalic series has resulted in the 
prodaction.of a long and well defined hoiizontal shelf extending for- 
ward from the angle of the Jaw to the hiise of the ascending ramus 
(fig. 50 m8»). This shelf is totally wanting in Macrot/eomys dolichoceph- 
atus and the other doliekocephalic forms in which the Jngnl part of 
the tuasseter is relatively unimiwrtant and the principal movement of 
the jaw is fore and aft instead of transverse. The relations described 
maybe seen to good advantage in the accompanying drawings (figs. 
49-54). 

Effect on the teeth. — While from the nature of the case it is ciearly 
impotisible to observe exactly what happens, either in the Diuscles or 
flie teeth, daring the act of mastication, it is at the name time permis- 
sible to draw certain inferences tmm the nieihanical construction of 
the apparatus. In the case of the teeth, considered as the focus of the 
catting mavhine, it has been already shown that two types exist, one 
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in which the crowns of the upper intermediary molars are broadly ellip- 
tical and bear two enamel plates (one on each face); the other in which 
the crowns are narrowly elliptical and bear only one enamel plate 
( which is on the anterior face). It has been shown further that the pres- 
ence of two enamel plates is always correlated with an antero posterior 
movement of the jaw, and that the presence of a sin«fle plate is always 
correlated with an obliquely transverse movementof the jaw. A care 
fnl study of the cutting blades in each instance shows that an antero- 
posterior movement is accompanied by a to-and-fro i)laning aetitm in 
which two enamel blades are serviceable; and that a transversely 
obli(iue movement is accompanied by a lateral shearing action in which 
only a single blade can be used. In accordance with the well-known 
law that useful structures are preserved and useless structure's sup 
pressed, it is logical to infer that the dircL'tioii of the dominant move 
ment of the jaw has determined the presence or absence of the posterior 
enamel plate; and since the movenjent of the jaw is cimtrolled by the 
masseter muscle, it is evident that the number of enamel ])lates on the 
n])])er intermediary molars may be traced back to tlie influence of this 
muscle. 

in the course of the evolution of the two types just described it seems 
evident that as soon as the principal movement of the jaws in the liu" 
leading to MacrogeomifH dolichoeeplialus came to be fore and aft it was 
settled that the form of the [H)sterior part of the cranium should be 
narrow; that the angle of the under jaw slumld be shortly truncate; 
that the grinding teeth should be broadly ellii)tical, an<l that the poste- 
rior enamel ])late of the upper series should be retained; and when the 
]»rincipal motion of the jaw in the ancestors of Vlatygeomys gymfiurtis 
came to be obliquely transverse, from that moment it was pre<leter- 
mined that the Innder part of the skull shouhl be broadly expanded; 
that a long arm like process should spring from the angle of the jaw; 
that the grinding teeth shoid<l be transversely flattened, and that the 
posterior enamel plate of the up])er series should disnpi>ear. 



CHAPTKR rv. 
SYSTEMATIC DESCRIPTIONS OF GENERA AND SPECIES. 

r.cniis GEOMYS Ratinesjiue, 1817. 

Pis. 1, 7, 9, 12; pi. 15, figs. 11 und 12; pi. 17. lig. 3: pi. 18. i\*r. I ; pi. 19, fig. 8, aail text 

fig, 55; iiia]m 1 and t.) 

Type Mh8 tuza Ord, 181.5, from Ac(JUsta, Georgia. (^Geomi/s piuet'iH Ral'., 1817). 

Geomy8 Kafinesquc, Am. Monthly Magazine, II, No. I, Nov., 1817, 45. Type G.pinetin 

Raf. (=3/iM tuza Ord, 1815), from pine barrens near Angnsta, Ga. 
IHplostoma Rafinesque, Ibid, 1817, 44-45. 
Sacoophorue Kuhl, Beitrjige ziir Zool., 1820, 65-60. 
Pseudostoma Say, Long's Kxpd. to Rocky Mta., 1, 1823, 406. 
AnromyB Licbtenstein, Abb. Akad. Wiss. Berlin (1822), 1825,20, fig. 2. 

Denial characters. — Upper i)reiuolar with three enamel ]>lates (the 
posterior absent). Upper pm decidedly hnifjer than lower (in the other 
g^enera tliey are subeqiial); shaft of upper pm decidedly concave for- 
ward, except in a single species {G. lufescens). First and second upper 
molars with two enamel plates each, the posterior complete; posterior 
curvature of m * and anterior curvature of nij hardly apparent. 

Last upper molar a single subcylindric or subtriangular prism with- 
out lateral sulcus on either side (and consequently without heel) ; outer 
enamel plate normally straight; inner and outer plates commonly sub- 
equal, or outer somewhat shorter, both reaching posterior face of tooth. 
Upper incisor strongly bisnlcatc (^^, 22^ and 22^; pi. 15, figs. 11 and 12). 

Cranial characUrs, — Skull simple, without any very striking external 
characters. Orbitosphenoids snmll and narrow, not reaching alisplie- 
uoids (pi. 17, ftg. 3); sphenoid fossje corresimndingly elongated, reach- 
ing forward to orbital plates of frontal; alisphenoids short posteriorly, 
ending on floor of brain case about on plane of front ends of audital 
bullfe; pterygoids large, always forming more than half of the palato- 
pterygoid extensions; mesethmoil plate large, somewhat rectangular, 
much longer than high, and wholly superior to vomer (not dipping 
down between vomerine wings as in Pappof/romys); endoturbinals col- 
lectively forming a quadrate plate, the anterior border of which is par 
sillel to the cribriform plate (pi. 19, tig. o); first endoturbiual rounded 
and only slightly expanded anteriorly, its inferior border falling (as 
the OS planum) in the front of the others aiul articiilating with the 
anterior third of the internal verti<*al plate of the maxilla — the os pla 
luim thus extending anteriorly in front of the lower endoturbiual nuich 
further than the length of the latter, 
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In the elongated skulls of Oeomya buraariv» and tuza the lower part 
of tbe sphenoidal fiasnre, on the door of the orbit, differs from its con- 
dition in any of the other groups (fig. 55). In all of the others a fenes- 




Fig. 55.— Side view of Hkiill of Gromgi bimariHt from outside, Ejgomktic •foh 
BBweil olf to abow bottom of orliit. Animal a fully adult ^ , from Knozvilie, lowft. 
('I'bJH Ggnn sboiild be compared nitb the correspond ing view of CratogtOMgi mv- 
Homr, fig. i.) 

I, Inrnorbltil fonuiH^. 
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tmiii {ig. 4,*)" peiietrat«n the interorbital septum, which at this point 
consists of the presphenoid only. In Oeomys bursariug and tuza the basal 
jtiirt of the sphenoidal Assure i.^t uau.sually broa<l, and the septam at 

■ In some rtwcH, parti r ill nrly in Orthogeomiit ami Zygogeoms», tbis fene«trnm ia iob- 
ilivitleil itil-o two or cvun tbree parts, bat they nil iurariably penetrate the preaphen- 
oid; they are uever in f^ont of it. 
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its bottom, which here consists of both palatine and presphenoid, is 
l>erforated by two fenestra, which look completely through the skull 
from orbit to orbit. The posterior is the usual opening in the anterior 
part of the presphenoid (fig. 55,*); the other is in front of the pre. 
sphenoid and is bounded anteriorly by a process from the maxilla, which 
here rises to join the frontal (fig. ^^)i^). Hence in Geomys bursarius 
there are three openings in the bottom of the orbital fossa, arranged 
seriatim, one in front of the other. The first is the posterior outlet of the 
infraorbital canal (fig. 55,^); the second is the vncnity here mentioned, 
which penetrates the skull in front of the presphenoid (^g. 55,^); the 
third is the usual fenestrum in the anterior part of the presphenoid 
(tig. 55,*). The oi)ening in front of the presphenoid is completely sur- 
rounded by the maxilhi and ascending wing of the palatine — the tbrmer 
bounding it in front, the latter behind — for the ascending wing of the 
vertical plate of the palatine (fig. 55, apl) here rises along the front of 
the presphenoid between the two fenestra in question and articulates 
with the maxilla, the orbital plate of the frontal, and the orbitosphe- 
noid. (See also fig. 10.) 

The condition here described has not been observed except in the 
elongate skulls of Geomys bursarius, tuza, ^i\d personatus, and is imper- 
fectly developed in the latter. It reaches its highest development in 
Geomys bursarius, and does not occcurin the closely related G. lutescenSj 
which has a short skull. A condition simulating it sometimes exists 
in Orthogeomysj in which there are several (usually two or three) small 
perforations in the anterior part of the presphenoid, but the relations 
of the ascending wing of the palatine are not the same. Very young 
specimens of Cratogeomys resemble the adult of Geomys in the presence 
of a fenestrum in front of the presphenoid and ascending wing of the 
palatine, but the fenestrum disai)pearsas the animal matures, a vestige 
of it remaining as a foramen (on each side), which oi)cns from the floor 
of the orbit obliquely forward and downward into the narial passage. 

The genus Geomys, even as here restricted, comprises three series or 
groups of species: (1) the tejrensisbreviceps series, (2) the tuza series, 
and (3) Geomys btisarius. 

(1) The texcnsis-breciceps series inhabits Texas, Louisiana, Arkansas, 
and the Great Plains, and includes eight species and subspecies, as 
follows: arenarius, texensis, lutescem^ brencepSjbreviceps sagittal w^ brevi 
ceps atticat<iri, personatns^ and personatus fallax. Most of these, ])ar- 
ticularly arenarius, t^xensis^ and breviceps, are small generalized forms 
suggesting relationship with Ihomomys and Pappogcomys. Indee<l, 
these animals are very much alike in many ways and the skulls agree 
in general form, lightness, in the small rounded brain case, slender 
and nearly parallel zygomata, narrow pterygoids, and many other 
characters, though differingconspicuously in the teeth. It seems evident 
that they are but little removed from the trunk line of the group, and 
that both the tuza and the bursarius series are ottshoots from the bred- 
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ceptt stem. Geomys brericeps seems to be tlie central or parent type 
from wlvieb three widely ditterent species originated, tuza on tbe east, 
hursarius on the north, and luiescens on tbe west. To the eastwaid 
only a narrow ^ap separates the range of hreviccps from that of mobi 
lenstH of the tuza series, which, thongh specifically distinct, was evi- 
dently derived from the brericeps stock. Still fnrther east mobUem'iH 
passes in to/ucfi. On the west brericepn shades toward and probably 
will be found to intergrade with luteacens. On the north only a nar- 
row hiatus separates it from burttariusj the most specialized type of 
the series. Specimens of bttrsarius from southern Missouri suggest 
that the gap between it an<l breviveps is not very wide; if continuity of 
range between the two forms is anywhere found this gap may be 
bridged even at the present time (see map 4). 

(2) The tuza series inhabits the South Atlantic and Gulf Stjites south 
of the Savannah Kiver and east of the Mississippi (mah4. A), and com- 
prises three forms, tiiza^ tuza )uobi!ensin^ and tuza fior id anus. They are 
locally known by the singuhirly inai)propriate and misleading name 
'Salamander.' The members of the tuza series agree among themselves 
and ditter from the remaining forms of the genus Gcomyts in having 
longer and more nake<l tails, and in numerous cranial characters. The 
shape of the skull in j)ofile is decidly convex, the rostrum long and 
decurved, the nasals long and slender and constricted in the middle, giv- 
ing them a somewhat hour-glass shape. The interparietal is perma 
nently distinct from the supra occii)ital and is normally much larger 
than in any of the other groups, though in G, mobUenHtH it is nearly 
obliterated in old age by the eiici oachment of the ridges that unite to 
form a sagittal crest. 

The tuza group differs not only from bursariusy but from all other 
known members of the family, in the disproportionate length of tl'c 
upper premolar in relation to the other molarilbrm teeth. It is merely 
double the length of m^ The lower premolar is much shorter, particu- 
larly in Jloi'idanus. 

(3) Gi'omiiH buraarius inhabits the upper Mississippi Valley (map 4, b) 
and stands alone at the endol the northern branch, just as Geomys tuza 
occupies the end of the eastern branch of the restricted genus Geomys. 
The skull is elongated and angular, the frontal compressed between the 
orbits, the i)alatopterygoids broadly lingulate, and the sagittal crest 
high; but the most important departure from its allies is found in the 
anterior part of the cranio facial axis, and consists mainly in the broad 
articulation of the ascending wings of the palatine bones with the hcni- 
zontal shelf of the orbitosphenolds. and in the presence of a fenestrum 
h)oking completely through the skull in front of the i)resphenoid. G. 
bursarius presents the extreme of differentiation occurring in the bisul 
cate series inhabiting the United States. 

The foHowiug brief tabular statement of some of the cranial char 
acters of the three members of the fu;;a group may facilitate the ideuti- 
fication of specimens: 
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Differential cranial vharaviem of the members of the tusa group. 



Temporal imprcfisionH 

"Frontal (interorbitMlIy) 

AHcundiiig brauclies of preiuHxilla. 

Palatoptcrypiul 



Auditfll biiU(R 
Interparietal . 



MobileiiRis. 



TllXH. 



Floridaniin. 



United in aHAgittal crrst..! DiHtaiit Distant 

Very broad I Narrow ; Narrow. 

Moileratv ; Motlorate > Very broad and 

I i blunt. 

Narrow. rtidoH parallel. ...' Liuj^nlatc-cuiiente ' Lin);ulate ciine 

I ! ate. 

Small Small • I#ftr>;e. 

Deeply notclMKl posteriorly Not notched Not notclieil. 



KEY TO SPECIES AND SUBSPECIES OF GEOMYS BY CRANIAL AND DEN- 
TAL CHARACTERS. * 

f Batted on Hkulls of adult males only.] 

(1) JUOAL equal to or shorter thun boMoccipital (measured from condyle), 
a' Sagittal crest present. 

ft I Zygomata strongly angular (standing out at right angles); jugal 

broadly rounded anteriorly. 

Size large ; audital biilhe normal personatus 

Size medium; audital bullae short and swollen (almost subglobnlar)./(ri//ajr 

6' Zygomata rounded ; jugal narrow anteriorly ; size small sagittalis 

a^ Sagittal crest absent. 

Temporal ridges prominent; 'sciuamosal arm of zygoma ending in 

a knob arenarius 

Temporal ridges not prominent; squamosal arm of zygoma not 

ending in a knob texensis 

(2) JVQAL longer than basioccipital (measured from condyle). 

c^' Sagittal crest strongly developed— lornr and high; size largest barsarius 

c^ Sagittal crest feebly developed or absent; size medium or small. 
d^ Nasal bones hour-glass shaped; strongly constricted near middle. 

e^ Temi>oral impressions uniting in sa;;ittal crest mobilensi» 

e^ Temporal impressions not uniting in sagittal crest. 

Audital bulhe small; not swollen; nasals broad posteriorly tma 

Audital bulhe large, swollen; niisiils narrow posteriorly .. .floridanun 
d^ Nasal bones not hour-glassed shaped; slightly or not constric- 
ted near middle. 
/' Frontal strongly depressed iuterorbitally ; zygomata broadly 

rounded; nasals very narrow posteriorly, notched behind. ftre^*tc«/)« 
/* Frontal slightly or not depressed; zygomata angular, 
strongly divergent anteriorly. 
Temporal ridges prominent, divergent anteriorly ; nasals 

abruptly narrow and convex posteriorly attwateri 

No temporal ridges; temporal impressions parallel or 
meeting in sagittal ridge; nasals truncate or emargi- 
nate posteriorly lutescens 

GEOMYS TUZA (Ord). 
(Frontispiece and pi. 7, tig. 1; pi. 13, tig. 9; pi. 15, tig. 12.) 

Mus tuza Ord, Guthrie's Geog.,2d Am. ed., n, 1815,292 (based on Mitchill's "uude- 

scribed little quadruped of Georgia" — seG postea). 
GeamyM pinetis Ratinesque, Am. Monthly Magazine, vol. ii, No. I, Nov., 1817, 45 (type 

of genus Qeomys). 
Undescribed little quadruped of Georgia, Mitchill, New York Medical Repository, v, 

1802, 89. (Descr. orig. on which the name Mus tuza of Ord was based.) 
7433— No. 8 8 



114 NORTH AMERICAN FAUNA. [iw>.«. 

HaiMitr of Georgia^ Anderson, 2d Am. from 8tli London ed. of Bewick's Hiat. oi 
Quadrnpeds, 1848/ 326 (accompanied by figure with oheek poaches properly 
turned in). 

Type locality. — Pine barrens near Augusta, Georgia, t 

Oeographw distribution, — Pine barrens of Georgia (and probably 
northern Florida also), within the Austroriparian faunal area (map 4). 

General characters. — Size medium or rather large; tail long and 
naked; feet moderately well hsiired; a small naked pad on end of nose. 

Color. — Upper parts cinnamon brown, strongly tinged with fulvous 
in fresh pelage; only a faint trace of darker median dorsal stripe; 
under parts dull ochraceous butt'; hairs of feet whitish. 

Cranial characters. — Skull rather large and angular (PI. 7, fig. 1), its 
upper surface convex in profile (due in part to the strongly decurved 
rostrum and in i)art to the absence of sagittal crest); zygomata diver- 
gent anteriorly, the maxillary root sloping strongly backward; temporal 
impressions never uniting in a sagittiil ridge, but forming permanent 
temporal ribs, which in the males are elevated on both sides and sepa- 
rated by an interspace or sagittal area 3 to 4 mm. in width. In the 
females the interspace is broader and usually thickened so that it is 
flush with the top of the temporal impressions. Interparietal very 
large and broad. The frontal is narrow interorbitally; postorbital 
prominences marked; palatopterygoids lingulate-cuneate, the base 
slightly or not excavatetl on outer side; audital bulla? small, normal; 
basioccipital strongly wedge-shaped, truncate anteriorly. 

Skulls of (j. tuza may be distinguished from those of mobilensis by the 
presence of distant temporal ridges instead of a sagittal crest; by the 
narrow frontal (interorbitally); by the lingulate-cuneate (instead of 
narrow strap-shaped) palatopterygoids, and by the very large inter- 
parietal which is not notched behind (fig. C e). Skulls of tuza differ from 
those oi floridnnus in much narrower siscending branches of premaxilla, 
broader nasals |>osteriorly, more strongly wedge-shaped basioccipital, 
and much smaller audital bulhe. The relationship with floridanns is 
much closer than with mobilensis. The profile of the top of the skull 
is more convex than in either of the others. 

Mea^tureinents. — Average of ten males from type locality (Hollywood, 
Georgia, 12 miles south of Augusta): Total length, 209; tail vertebrae, 
89.6; hind foot, 34.4. 

** The copy cited by Cones (Monographs of N. Am. Kodentia, 1S77, 615 footnote) has 
the same pagination, but a somewhat different title page (different publisher) and is 
not dated. The eighth London edition of Hcwick was published in 1824. The 
only mammals described in tht» American reprint not in the original are the grizzly 
bear, hamster of (leorgia, and mammoth. 

fThe ty]>e spei-imeu wjis sent Dr. Mitchiil from Augusta, Ga., in July, 1801, by 
Josiah Meigs, president of the I'niversity of Georgia. In the letter that acco'iipa- 
nied the 8i)ccimen Mr. Meigs said: *'For the space of about 100 miles, between 
Savannah and Augusta, the land on each side of* the roa<l is almost covered by the 
heaps of loose earth raised by it." — New York Medical Repository, X, 1802, 89, 
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Average of nine females from same place: Total length, 249; tail 
vertebr®, 82 ; hind foot, 32. 

For cranial measurements see Table C, p. 208. 

Speeimenn examined, — Total number 32: twenty from type locality, 
Hollywood, 12 miles south of xVugasta, Georgia; and twelve from 
Butler, Georgia, (latter not typical). 

General remarks. — Specimens from Butler, near the western border of 
Georgia, are intermediate between tuza and mobilensin. In color they 
resemble the latter, while in cranial characters they are nearer the 
former. 

It is an interesting fact that the first description of this species — and 
not a bad description either, considering it was written nearly a century 
ago — was from the pen of a member of Congress, the Hon. John Mil- 
ledge, Representative from Georgia. It was published by Dr. Mitchill 
in the New York Medical l^epository in 1802 (vol. v, p. 89), and runs as 
follows: "One of the little animals that burrows in the pine land, only 
known in Georgia, was caught by Mr. Stephen Pierce, living midway 
between Savannah and Augusta. Its body is of the length and thick- 
ness of a common-sized rat, and of the same color: the hciid between 
that of a rat and a mole, with small whiskers and short snout: the tail 
without hair, but shorter than that of a rat : the fore feet like those of 
a mole, with nails near an inch long: the hind feet like those .of a rat, 
but the nails not of the same length, each foot having five claws: very 
sparkling small eyes: also short ears: teeth like a squirrel, and full as 
long. On both sides of the jaw, externally, are sacks or wallets, where 
it deposits its food, and each will contain as much as csin be put in a 
large tablespoon. Little or no fur, and the hair of the length of a wood 
rat. The whole face of the pine country is covered with little mounds 
made by this animal, of the circumference of a peck, and from 6 to 8 
inches high. It is by no means active, but remarkably fierce. No 
common wooden place of confinement can hold it long, as it gnaws its 
way out. It lives entirely on roots, and is very fond of the sweet 
potato, and often proves injuricms to the planter by getting under'his 
stacks. It appears to move nearer the surface in the spring and fall 
than at any other season. It is surprising, that though the work of 
this creature is seen throughout the country, in the region of the long- 
leaf pine, and in that region only, yet such is its skill in burrowing, and 
acatenessof hearing, that there is no animal in all our State sO seldom 
caught or seen." 

GEOMYS TUZA FLORIDANUS (And. and Bach.). 

(PI. 7, ftgs. 3 and 4; PI. 10, fig. 1; PI. 14, fig. 16.) 

PBeudoBtonm Jloridana And. and Bach., Quadrupeds of North ^Vm., Vol. in, 1854, 242- 

245. 
Oeomys iiiza Goode (n«t Ord), PoweU's Keport Colorado Ri-rt^r, 1875, 281-285 (habits). 

Type locality. — St. Augustine, Florida.* 

*Aadubon and Baehman did not discriminato between the Georgia and Florida 
animals, but all of their Florida specimens came from St. Augustine. 
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General characters. — Siinihir to G. tuza, but imu-b darker in color; 
fore feet larger; tail slightly more hairy; differs tilso in erauial 
characters. 

Color, — Upper i)arts dull sooty-plumbeous, becoming ciunamoii-drab 
on the sides; under parts plumbeous, more or less washed with buffy; 
an irregular white patch under chin and throat. 

Cranial charoA'tem, — Skull long, with very angular zygomatic arches, 
much as in tuza and mobilensiH. G. floridanu^ differs from G. tuza in 
broader and blunter ascending branches of premaxilla, narrower nasals 
posteriorly, somewhat broader jugals anteriorly, more rectangular (less 
strongly wedge-shaped) basioccipital, and much larger audital bulhe; 
from mohilensis in much larger audital bulhe, narrower frontal, less 
spreading and more depressed arches, much broader ascending branches 
of premaxilla, less flattened brain case, Ungulate- cuneate insteiul of 
narrow palatopterygoids, and in the presence of tomi>oral ridges instead 
of a sagittal ridge. The angular process of the mandible is much less 
deeply notched at base anteriorly. In G. Jioridanus the interspace 
between the two grooves of the upper incisor is broader than in either 
tuza or mobilensijtj and the head of the jugal is more deeply mortised 
into the maxillary arm of the zygoma. 

Specimens examined, — Total number 25, from the following localitie^s 
in Florida: Chattahoochee, 2; Pomona, 4; Gainesville; 1 ; San Mateo, G; 
Tarpon Springs, 12. 

Measurements. — Average of three males from San Mateo, Florida 
(Nieasured in flesh by Dr. W. L. Ralph) : Total length, 288; tail vertebne, 
94 ; hind foot, 3r).5. Average of three females from same locality : Total 
length, 235 ; tail vertebra?, 77 ; hind foot, 33. For cranial measurements 
see Table C, p. 208. 

General remarl's, — ^The foregoing description has been drawn up from 
specimens from San Mateo, Putnam County, Florida,* only 25 miles 
from St. Augustine, the type locality of the species. Specimens from 
further south on the i>eninsula are somewhat different. 

The best and almost the only authentic account of the habits of this 
species is from tlie pen of the eminent director of the IT. S. National 
Museum, Dr. G. l>rown Goode, by whom it was contributed to Coues' 
monographic paper on the group, published in 1875.t Dr. Goode kept 
a number in confinement for several weeks and was thus enabled to 
make the following interesting observations on their habits. He says: 
" They may easily be confined in a wooden box, with sides 8 or 10 inches 
high, having dry. sand 2 or 3 inches dee^) on the bottom. No cover is 
necessary; I have never seen one look up from the earth, and have 



* These specimens werekindly presented to nio l)y Dr. W. L. Rulph, of Utica, Ne 
York, who collected them himself mid nieasured them in the llesb. 

t Abstract of results of a study of the genera Geomys and Thomomijs, PowelFs Expl. 
Colorado Kiver, 4^\ 1875,215-285. Addendum B.— Notes on the ''Salamander*' of 
Florida, by G. Brown Goode, 281-285. 
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rarely known them to attempt to escape. They require no water, and 
no food except sweet potatoes. A single potato of moderate size will 
feed a salamander for three days. 

" The senses of sight and hearing seem in them to be very dull. An 
object may be held within a short distance of their eyes without attract- 
ing their attention; but the moment one is touched, he turns with a 
jump, snapping fiercely, much to the detriment of fingers which may be 
near. If two are confined in the same cage, the one-does not seem 
aware of the presence of the other, unless they accidentally come in 
contact. Their eyes are small, dull, and without expression. Their 
sense of smell I judge to be very delicate, from the manner in which 
they approach the hills of potatoes. Their motions are surprisingly 
quick and energetic, their activity never ceasing from morning to night. 

" They are very pugnacious, and a rough-and-tumble combat between 
two vigorous males would seem terrific, if their size could be magnified 
a few diameters in the eye of the spectator. Every muscle of their com- 
pact, elastic, stout bodies is brought into action, and they plunge and 
bite with wonderful ferocity. A battle is usually followed by the death 
of one or both. I have examined them after death and found the 
whole anterior part of the body bruised almost to the consistency of 
paste, the bones of the legs crushed in four or five places. When two 
come together in the cage, their salutation is a plunge and a bite. 

" I watched their burrowing with much interest. They dig by grub- 
bing with the nose and a rapid shoveling with the long curved fore 
paws, assisted by the pushing of the hind feet, which remove the dirt 
from beneath the body and propel it back with great power a distance 
of 8 or 10 inches. When a small quantity of earth has accumulated in 
the rear of the miner, around he whirls with a vigorous flirt of the tail 
and joining fore paws before his nose, he transmutes himself into a sort 
of wheelbarrow, pushing the dirt before him to a convenient distance, 
and repeating the act until the accumulation is removed, then resumiiijg 
his mining. Any root or twig which blocks his way is quickly divided 
by his sharp chisel-teeth. * • • The direction of the burrows may 
easily be traced by the loose hillocks of white sand which are thrown 
up along the line at intervals of 3 or 4 feet. These are the •dumps' 
made by the burrower in throwing out his refuse accumulations. Each 
consist of about a peck of loose sand, and, by the casual observer, 
might easily be mistaken for an ant-hill. No opening is visible, but by 
digging under the hill a hole is found, the mouth of the adit to the 
mam tunnel, which may be 3 feet below the surface if made in cold 
weather, but perhaps not more than G inches if in summer. One of the 
mounds is thrown up in a very few moments. I have seen 30 raised in a 
single night on the line of one tunnel; this would represent nearly 100 
feet of tunneling. 1 have seen 150 in one continuous row raised in 
about two days; this would make between 400 and 500 feet of burrow 
completed in that short time, apparently by one little animal, an amount 
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of work which may seem inci'edible to one who has not watched the 
restless movements of these animated plows, which are seemingly as 
well adapted for piercing the sand as birds are for cleaving the air. 
The burrows are about 2 J inches in diameter. ♦ • • The nests are 
large chambers, 1 or 2 feet from the main tunnel, with which they are 
connected by side passages, which leave nearly at right angles. Here 
the miners lay up a supply of provisions and the chambers are often 
found to contain a half bushel of sweet potatoes cut up intiO chunks 
as large as peach stones, and of convenient size to be carried in the 
X)ockets. * • ♦ In these side chambers the salamanders rear their 
young, building a nest of grass, pine ueexlles, and live-oak leaves. I 
found them breeding in April." 

Dr. Goo<le remarks that the name ^ salamander,' by which the species 
is universally known in the South, *' nmy allude to the safety enjoyed 
by these little animals in their subterranean abodes at the time of the 
devastating tires wh ich sometimes consume the pine forests. After such 
a conflagration has passed over their heads, destroying every other kind 
of life, they are seen at work among the ashes, very good types of the 
salamander of fable." 

Mr. Morris M. Green, who obtained specimens for the Division at 
Pomona, Putnam County, Florida, in June, 1889, furnished the follow- 
ing notes respecting their habits : ^^ The hills of the ^ salamander/ as the 
Florida Geomyn is called, are abundant in the pine woods and clearings, 
on rather low and moist land. Their tunnels were from 4 to 24 inches 
below the surface; the hills were thrown up at intervals of from 2 to 6 
feet, and contained about a peck of dirt each. The night and early 
morning seemed to be their favorite time for working. It is very easy 
to trap a ^salamander- when fresh mounds are found. By sweeping to 
one side the heaps of dirt, traces of the hole through which the earth 
was brought and its direction can be easily found. A minute's work 
with the spade will usually expose the tunnel lying to one side of the 
hill. Place a steel trap in the tunnel, and cover up the breach with a 
piece of pine bark or some palmetto 'fans.' If the breach is left open, 
the animals will carry dirt to shut out the light, and thus clog the trap, 
whereas if the opening is closed they will step in the trap and are 
caught. A break is often repaired within half an hour, or it may be 
left for nearly a day. In mending an opening it is astonishing how 
compactly the earth is packed; in one case an animal closed an opening 
so securely that the tunnel could not be found at all until another shaft 
was sunk in search of it. 

"A * salamander' caught in a trap is a picture of fury and spite, bit- 
ing at everything within reach of its jaws, and sometimes breaking its 
front teeth in venting its rage on a trap. 

" In the cheek pouches of one were some pieces of pine roots, and 
some grasses wei*e found in the tunnels. The animals do serious ii^jury 
to orange and pear trees by gnawing the roots. Sometimes the roots 
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are goawed oflf so completely that the tree can be pushed over with one 
hand. They also feed on sweet potatoes. But when an animal enters 
a garden or an orchard, and betrays itself by throwing up hills, there 
is no excuse for not ridding the place of it, as it may be easily caught 
in a steel trap. It is claimed that the ^ salamander^ works near the 
surface from September to March, retiring deeper in the ground during 
the hot season." 

GEOMYS TUZA MOBILENSIS subsp. nov. 

(PI. 7, figs. 2, 5, aud 6; pi. 10, fig. 2; pi. Uy fig. 15; text fig. 6, / and g.) 

Type firom Mobilf. Bay, Alabama. No. JJi'SIJ i vA. V. S. Nat. Museum, Department 
of Agriculture colleotiou. Collected April 26, 1802, by Russell J. Thompson. 
(Original No. 50.) 

Geographic distribution. — Southern Alabama and adjacent part of 
northwest Florida, within the Austroriparian zone (map 4). 

General characters. — Similar to G. tuza, but somewhat smaller, and 
much darker in color; tail shorter, nearly naked; feet scant haired. 

Color. — Upper parts dark, generally sepia or bistre, washed on sides 
of face and body with golden brown or ochraceoiis, intimately mixed 
with black-tipped hairs; top of head, between eyes and including ears, 
dusky, with an illdeiined dorsal band of the same jolor. Under parts 
dark plumbeous, faintly washed with dull i)ale fulvous. Hairs of feet 
whitish. More or less white about throat and ])oiiches. 

Cranial characters. — Skull very long and angular (pi. 7, fig. 2); fron- 
tal broad and high; top of skull in profile strongly convex; zygomatic 
arches broadly spreading, divergent anteriorly, and angular; brain 
case broad and flat; palatoi)tery golds narrow, their sides parallel; 
tem][>oml impressions in adult males meeting in a low but well-developed 
sagittal ridge; interparietal deeply excavated postenorly (trousers- 
shaped), reduced in advanced age by meeting of temporal ridges (fig. 
6, /and g). G. mobiknsis differs from G. txiza in the great breadth of 
the frontal interorbitally; the narrow palatopterygoids; the presence 
of a sagittal ridge in adult males, and the very different shape of the 
interpariteal (fig. 6). It differs from floridanus in much smaller audital 
bullae, broader frontal, lower and more depressed brain case, more 
divergent zygomatic arches, narrower ascending branches of premax- 
illa and much narrower palatopterygoids. G. mohlUnHis differs from 
G. brevicepsj its nearest neighbor on the west, in general form of the 
skull and in numerous details: in profile the top of the skull is strongly 
convex instead of concave; the zygomatic arches are more angular and 
more divergent anteriorly; the frontal is much broader interorbit- 
ally; the brain case flatter; the nasal bones broader and constricted in 
front of the middle; the angular process of the mandible deeply notched 
anteriorly. 

Measurements (taken in flesh). — Type specimen: Total length, 260; 
tail vertebrae, 82 ; hind foot, 33. 
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Average of four males from type locality: Total length, 250; tail 
vertebra* 81 ; hind foot, 33.5. 

Average of four females from same place: Total length, 229; tail 
vertebra, 76; hind foot, 30.5. 

For'cranial measaremeuts see Table C, p. 208. 

Specimens examined. — Total number 23: 9 from Point Clear, Mobile 
Bay, Alabama, 2 from Brewtou, Alabama, and 12 from Milton, Florida. 

General remarks, — Geomys mobilensis is an inhabitant of the low- 
lands bordering the Gulf of Mexico east of Mobile Bay. Uow far its 
range extends to the east and north has not been ascertained. In size 
and coloration it seems to bear the same relation to its neighbor {G. 
tuza) of the adjacent pine barrens of Georgia that G. breviceps of the 
lowlands of Louisiana and Texas bears to its relative of the higher and 
drier ground further west {G. lutescens).. 

It seems a pity that such a strikingly marked animal as mobilensis 
must stand as a subspecies, but there is no reasonable doubt of its 
complete intergradation with tuza in western Georgia. 

GEOMYS BURSAKIUS (Shaw). 

(P1.1; pi. 9, figs. 8 and 9; pi. 10, fig. 6; pi. 13, fig. 11; pi. 14, fig. 2; pi. 15, fig. 11; pi. 

17, fiff.3; pi. 18, fig. 1; pi. 19, fig. a; text fig. 55.) 

Mu8 buraarins Shaw, Trans. Linncan Soc, V. 1800, 227-228, pi. 8; Genl. Zoology, 

Mammalia, Vol. ii, pt. 1., 1801, 100-101, pi. 138. 
fMH8 ladovicianm Ord. Guthrie's Geography, 2d Am. ed., 1815, 292 {Nomen nudum ). 
Diplostoma fusca Kafiuesiiue, Am. Monthly Maj^a/iue, Vol. ii. No. i, Nov. 1817, 45. 
Geomys cinerea Rafinesque, Am. Monthly Magazine, Vol. ii, 1817,45. {Mu$ bur9ariu$ 

renamed.) 
SaccophoruH biirsarius Kuhl, Beitriige zur. Zool., 1820, 65. 
MttssaccatM Mitchill, New York Medical Repository, Vol. vi, n. 8., 1821, 24^. (Type 

from Lake Superior, probably Minnesota.) 
Pseudostoma buraariM Say, Long's Expd. to Rocky Mts., i, 1823, 406. 
Ascomifs canadensis Licht., Abh. Akad. Wiss. Berlin (1822), 1825, 20. fig. 2. 
Geomysf bursarius Richardson, Fauna Boreali-Americana, i, 1859, 203. 
Geomys canadenniti LeConte, Proo. Acad. Nat. Sci., Phila., vi, 1852, 158. 
Geomys oregonensis LeConte, Proc. Acad. Nat. Sci., Phila., vi, 1852, 160. (Locality 

erroneous. ) 

Type locality, — Unknown ; somewhere in Upper Mississippi Valley. 

Geographic distribuiion. — Upper Mississippi Valley from a short dis- 
tance south of the ('anadian boundary, in longitude 97o (Warren, Min- 
nesota, and Grand Forks, North Dakota), southward to eastern Kan- 
sas (Neosho Falls), southeastern Missouri ( Williams ville find Hunter), 
and southern Illinois (Belleville); east nearly to Lake Michigan (Win- 
nebago and Fond du Lac, Wisconsin, and Cook County, Illinois); 
west in the Dakotas and Nebraska to the ninety-eighth or ninety- 
ninth meridian (Valley City and Hamlin, North Dakota; Burch, 
Mitchel, and Scotland, South Dakotii; Niobrara, Ericson, and Kearney, 
Nebraska). The species belongs to the Upper Sonoran and Transition 
zone^. See map 4, b. 
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Oeneral characters. — Size large; coloration dark; tail mediaui or 
rather long, 9cant liaired, the terminal half nearly naked. 

Color. — ^Dark liver brown- or chestnut above and below, somewhat 
paler on the belly (belly very rarely whitish); fore feet white; hind feet 
soiled white; hairs of tail usually brown on basal part and white on 
terminal part. 

Cranial char alters. Skull long, large, and angular (pi. 1); zygomata 
spreading, widely divergent anteriorly, angular; a well-developed 
sagittal crest; rostrum long and narrow for size of skull; frontal nar- 
row and rounded interorbitally; palatopterygoids broadly lingulate, 
tapering posteriorly, not notched at base on outer side (pi. 14, fig. 2). 
The skull of 0. bursarhis does not require close comparison with any 
other specieSy though the young and females are sometimes difficult to 
distinguish from lutescens. The skull of the female differs from that 
of the male in much smaller size, shorter rostrum, broader interorbital 
region, fuller brain case, in the absence of distinct sagittal and lamb- 
doidal crests, and in the less development of processes and ridges for 
muscular attachment. Skulls of G. bursarius differ from those of lutes- 
cens chiefly in greater length and angularity, the ratio of zygomatic 
breadth to basilar lenth of Hensel rarely exceeding 73 percent in 
adults; while in lutescens thi» ratio runs from 75 to 79. The brain 
case is higlier posteriorly and the Scagittal crest is much more highly 
developed. G. hursarius (in common with lutescens) differs from per- 
sonatus notably in the angle of the anterior part of the zygomatic arch 
and in the length of the jugal. In both hursarius and lutescens^ even 
in old age, the anterior root of the zygoma slopes back at a consider- 
able angle; in personatus it stands out at nearly a right angle. In 
hursarius and lutescens the jugal is much longer than the basioccipital ; 
in personatus it only equals the basioccipital. 

Dental characters. — Face of upper incisors strongly bisulcate; small 
sulcus fine and close to inner edge of tooth; principal sulcus much 
larger and on or slightly external to median line; enamel face rounded 
externally and between sulci (fig. 22*, and pi. 15, fig. 11). Molariform 
teeth much smaller than in the other sections of the genus; crown of 
]ast upper molar suborbicular, without heel. 

Upper molariform series. — ^The upper premolar curves and slopes 
strongly forward and is concave anteriorly; the last molar curves 
strongly backward and is concave posteriorly. The intermediate molars 
curve both backward and outward; the first only slightly btickward, 
the second strongly; both are concave externally; their roots divari- 
cate, the first sloping forward, the second backward. (A second and 
greater point of divergence is between the premolar and first molar.) 
The premolar is nearly one-third longer than the last molar. The inter- 
mediate teeth are about as long as the ])rcmolar — sometimes longer. 

Loicer.molari/orm series, — All the teeth are short compared with those 
of the upper series; i)reniolar longest, largest, heaviest, and curves 
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strongly forward; last molar smallest, shortest, and carves strongly 
backward; the intermediate teeth intermediate in length. Premolar 
strongly concave anteriorly and nearly as rx)ncave oatward ; mi slightly 
concave anteriorly, strongly concave outward, and somewhat twisted 
on its axis; n^ strongly concave outward and faintly anteriorly, with 
a slight twist; m^ strongly concave posteriorly and moderately so out- 
wardly. 

Average measuremcfits of 26 specimens of both sexes from eastern 
North Dakota (measured by J. Alden Loring) : Total, 270; tail vertebne 
80; hind foot, 35. Average of 6 males from same localities: Total, 296; 
tail vertebrae, 90; hind foot, 37. Average of 10 females: Total, 265; 
tail vertebrae, 78; hind foot, 34. Average toUii length of 20 males and 
20 females from Elk Biver, Minnesota, measured in flesh by Vernon 
Bailey : Males, 284; females, 243. In both cases many of the specimens 
are not full grown, hence the measurements are too small. Unfortu- 
nately no satisfactory series of measurements is available.* 

For cranial measurements see Table A, p. 204. 

General remarhs, — Geomys bursaritis is a well-marked species, easily 
distinguishable by color alone from all the other bisulcate forms. It is 
also the largest species inhabiting the United States, although varying 
considerably in size in diiterent localities. The largest form inhabits 
the region about Knoxville, Iowa, where the males average a foot in 
length. 

Geomys bursariutt is of much greater economic consequence than all 
the other species combined, for the reason that its home is in the fertile 
prairie region of the Mississippi Valley from central Missouri northward, 
covering the whole State of Iowa, nearly the whole of Illinois, and the 
richest and most densely populated agricultural lands of eastern Kan- 
sas, eastern Nebraska, eastern South and North Dakota, Minnesota, 
and southern Wisconsin. 

Specimens examined, — Total number 116, from the following localities: 

North Dakota: Portland, 18; Erie, 3; Oasselton,2; Buffalo, 2; Valley 
City, 3. 

""Dr. 0. £. McChesney, IJ. S. Army, in a paper on the Mammals of Fort Si8Beton, 
Dakota, has recorded a valuable series of measnreroeuts of this species, aU taken at 
that locality. While his measarements are not strictly commensurate with oors, and 
while many of his specimens were not full grc»wn, his means are important, partica- 
lariy as showing the average sexual difiference. Keduccd to millimeters his most 
important means are : 



McRn of— 



Thirty-three males, Fort Sisseton, South Dakota. 
Thirty-fivo females, Fort SiBneton, South Dakota. 
Sixty -eight 8p<K'imeu», both sexcH 




(BuU. U. S. Geol. andGeog. Survey, Terr, iv, No. 1, Feb., 1878, p. 213.) 
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Soath Dakota: Plaadreau, 1 ; Port Sisseton, 1; Travare, 2; Scot- 
land, 1. 

Minnesota: Ortonville, 2; Browns Valley, 1; Elk River, 39. 

Iowa: Council Bluffs, 1; Knoxville, 16. 

Nebraska: Niobrara, 3; Verdigris, 1; Columbus, 1; Ames, 1; Blair, 
1; Norfolk, 2. 

Kansas: Ouaga, 3. 

Missouri: Hunter, Carter County, 4; Williamsville, Wayne 
County, 8. 

EARLY HISTORY OF GEOMYS BURSARIUS. 

The early history of this gopher is somewhat obscure. It was origi- 
nally described by Shaw iu the year 1800 and was named Miis bursa- 
rius. * The description is very brief and is as follows: *' Ash-coloured 
rat, with short round nearly naked tail, pouched cheeks, and the claws 
of the forefeet very large, formed for burrowing in the ground." Shaw 
states further: " This (juadruped was taken by some Indian hunters in 
the upper parts of interior Canada, and sent down to Quebec. It is 
now in the possession of Governor Prescot." The description is accom- 
panied by a full-size engraving of the animal, with cheek pouches 
turned inside out and distended. The skin evidently was greatly 
overstuffed. No grooves are shown on the upper incisors. 

The next year (1801) Shaw redescribed the same specimen as follows: 
" It is about the size of a brown or Norway rat, and is of a pale greyish- 
brown colour, rather lighter beneath; the length to the tail is about 9 
inches, and that of the tail, which is but slightly covered with hair, 
about 2 inches: the legs are short; the fore feet strong, and well adapted 
for burrowing in the ground, having five claws, of which the three mid- 
dle ones are very large and long; the interior much smaller, and the 
exterior very small, with a large tubercle or elbow beneath it. The 
claws on the hind feet are comparatively very small, but the two mid- 
dle are larger than the rest, and the interior one is scarce visible: the 
teeth are extremely strong, particularly the lower pair, which are much 
longer than the upper: the ears are very small." (General Zoology, 
vol. IT, part 1, Mammalia, 1801, pp. 100-101.) He gave a new engrav- 
ing of the animal, stating that iu the figure previously published (in 
the Transactions of the Linnean Society) "the claws on the fore feet 
are represented as only three in number, and are somewhat too long, 
weak, and curved. The engraving in the present plate is a more faith- 
ful representation, and is accompanied by an outline of the head, in its 
natural size, as viewed in front, in order to shew the teeth and cheek- 
pouches." This plate contains three figures: a side view, as in the 
earlier engraving; a front view, reduced, and a natural-size front view 
in outline. The cheek pouches are everted, tus before, protruding from 

* Transactions of the Linnean Society, London, vol. v, 1800, pp. 227-228; descrip- 
tion read before the society June 4, 1799. 
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the sides of the face as great burs:e. Although the teeth are distinctly 
shown in these engravings, no trace of a groove is apparent, unless an 
incomplete dotted line near the middle of each upper incisor in the out- 
line figure was intended to indicate it The size of the incisors in this 
figure agrees exactly with the size of these teeth in specimens of Tho- 
momys talpoides from Manitoba, and the size and shape of the fore feet 
and claws are as in Thomomys, thus differing widely from the same 
parts in Oeomysj in which the teeth and claws are very much larger and 
heavier. 

The color of the body (which he describes as "pale greyish-brown, 
rather lighter beneath "), the size and shape of the forefeet and claws, 
the size of the incisors, the absence of the deep median furrow so con- 
spicuous in Oeomys (which could hardly have been overlooked both in 
the description and figure), together with the statement that the animal 
came from the interior of Canada, all indicate that the species now 
known as Thomomys talpoides was the animal Shaw had before him. 

The only point mentioned by Shaw in either of his descriptions of 
the type specimen of ''Mm hursarius'* that does not apply strictly to 
Thomomys^ to the exclusion of Oeomys^ is the length of tho animal, 
which he gives as inches. This is easily explained on turning to the 
figure, which shows tho specimen to be greatly overstuffed — a common 
error in taxidermy resulting from the exceedingly loose and distensible 
skins of these animals, which are nearly always stretched in taking o£f 
from the body. 

Recapitulating, Shawns description and figures seem to establish the 
following i>oints: 

(1) The type specimen of Miih bursarius came from the "upper parts 
of interior Canada,-' the home of Thomomys. No member of the genus 
Oeomys reaches Canada, its northernmost known point being Warren, 
Minnesota. 

(2) The type specimen of Mvbs bursarius was "ash coloured" or " pale 
greyish-brown, rather lighter beneath," exactly as in Thomomys. The 
color of the only species of Oeomys inhabiting the Upper Mississippi 
Valley is dark chestnut or liver-brown, both above and below. 

(3) The detailed description given by Shaw in his General Zoology 
makes no mention of grooves in the incisors, though these teeth are 
described with particuljirity. In Oeomys the upper incisors are deeply 
furrowed; in Thomomys they are plane. 

(4) Not one of the four figures of the type specimen o? Mus bursa- 
rim published by Shaw shows any trace of the grooved incisors of 
OeomySj and two of these figures are front views, one natural size. 

(5) The size of the teeth, fore feet, and claws in Shaw's natural-size 
figure agree with these parts in Manitoba specimens of Thomomys and 
are very much smaller than in Oeomys. 

From the above facts it would appear that the animal described by 
Shaw under the name Mm bursarius is the gray pocket gopher of Man- 
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itoba and tlie Dakotas (Thomomys talpoides of receut authors) aud not 
the red pocket gopher of the Mississippi Valley (Geomyn burftarius of 
recent authors). This view would necessitate a slight change in nomen- 
clature: Thomomys talpoides Auct. would become Thomomys hursarius 
(Shaw), and Oeomys bursarius Auct. would become either Geomys fuscus 
(Bafinesque) 1817, or Geomys sacmtus {MitchiM) 1821.* Fortunately no 
change in the generic name would be required, since Katinesque based 
his genuL^ Oeomys on G.pineti^ \-= G. tuza] of the pine barrens of Georgia. 

Clear as the case seems to have been left by Shaw, it became shrouded 
in obscurity by the writings of subsequent authors. 

In 1820 Heinrich Kuhl published his Beitnige zur Zoologie, in which 
he described the genus SaccophoruSj basing it on the Mtis bursarius of 
Shaw. lie states that the specimen examined by him was formerly 
in Bullock's Museum, but then in Paris (^4n Museo Bullokiano, nunc 
Parisiensi,'' p. ^)j but does not intimate that it was Shaw's specimen. 
In the diagnosis of the genus he states that the upper incisors have 
two sulci, of which the external is broader and deeper, thus describing 
the condition in typical Geomys. 

Lichtenstein, in a paper written in 1822, but not published until 1825, 
says: *' When I was in London in the summer of 1819 I saw in the 
Bullock collection the specimen described by Shaw" (OberiiussereBack- 
entaschen an Nagethieren, Abli. K. Akad. Wiss. Berlin [for 1822J, 1825, 
14-15). He then goes on to describe another specimen, assumed to 
belong to the same species, which he says he had recently received 
from North America. 

The first positive statement I have been able to find to the effect that 
Shaw's specimen had grooved incisors was made by Kichardson more 
than a quarter of a century after the publication of Shaw's last descrip- 
tion. Richardson states that the engraving of Shaw's Mus bursarius 
published in the Linnean Transactions was drawn by Maj. Davie8,t 
and that ^Hhe specimen figured by Major Davies, in the Linnean Trans- 
actions, was of a pale gray colour, and 9 J inches long from the nose to 
the root of the tail, which measured 2^ inches. The belly was paler 
than the back, aud the cheek-pouches were covered with very short 
pale hairs. Its superior incisors were deeply grooved in the middle, 
and more faintly close to their inner margins" (Ibid.^ 203). As to the 
final disposition of this specimen he says: "The identical specimen 



* DiploBtama fusca RafiDesquo, Am. Monthly Mag. ii, 1817, 45, is little inoro than 
a nomen nudum, the only specitic description being '^entirely brown, length 12 
inches.'' But the generic diagnosis, though full of errors, leaves no doubt as to the 
animal; and the locality assigned, ^'Missouri Territory,*' is sufficiently exact in con- 
nection with the size and color of the species. If, however, this name is not con- 
sidered available, the next in jioint of dutc seems to be Mus eaccatus Mitchill, Medi- 
cal Repository, vol. vi, 1821, 248-250; type "from the region Imrdering on Lake 
Superior," doubtless Minnesota, where tho animal is abundant. The bisulcate upper 
incisors are described in detail by Mitchill. 

t Fauna Boreuli-Americaua, 1829, 199. 
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described by Shaw, • • • ou the dispersion of Mr. Bullock's col- 
lection, x)assed into the hands of M. Temminek" {Ibid.y p. 199). 

That this particular specimen is now in the Leiden Museum is 
certain, for it is mentioned by Dr. F. A. Jentink, the able director of 
the Rijks Museum, in his Catalogue Systemaiique des MammifireSj xii, 
1888, p. 93. In resi>onse to a letter of inquiry, Dr. Jentink has had 
the kindness to write me as follows: ^'On the underside of the stand 
[of the specimen above mentioned] I see the following words written 
with i>encil : * Mus bursarius. Cabinet Bullock, Londres.' So you may 
be sure of the fact that this specimen truly has been bought from Bul- 
lock's auction. As to the animal itself and its identity with Shaw's 
description, you may judge if I tell you that it has the cheek pouches 
turned inside out and distended, but not in the extraordinary way as 
represented in Shaw's figure 138, vol. ii, p. 1. The incisors are deeply 
grooved. Shaw's figure represents, without doubt, an overstuffed speci- 
men; meanwhile our specimen seems to be in excellent proportions and 
very well-preserved condition. Length of the animal, 9.8 inches, meas- 
ured from the upper lip along the dorsal line of the body; tail about 
2.8 inches. The color of our specimen is a desert color, more reddish 
ard head and hinder parts of the body." 

In 1857 Baird made the following statement, evidently based partly 
on the remarks of Richardson, already quoted, and partly on an erro- 
neous translation of the statements of Kulil and liichtenstein. Baird 
says: ''The same skin referred to by Shaw was subsequently investi- 
gated by Kuhl, and then by Lichtenstein. It was for a time iu the 
celebrated museum of Mr. Bullock, of London, and is said to have 
been purcliavsed by Temmiiick at the sale of this collection, and is doubt- 
less now in the Leyden Museum." (Mammals of North America, 1857, 
370.) But Kuhl does not say that his specimen was the same as Shaw's, 
and Lichtenstein distinctly states that the animal described by him was 
not Shaw's specimen (which he says he saw in London in 1819), but one 
that he '• received a short time ago with other North American mam- 
mals." 

If it is true that the specimen described by Kuhl is really the same as 
that des(Tibed by Shaw twenty years earlier, and afterwards mentioned 
by Lichtenstein as having been seen by him in London in 1819, it would 
be certain that no other animal than the furrowed-tootlied pocket gopher 
of the Upper Mississippi Valley (Geomytt) crould be meant. But unfor- 
tunately Kuhl says nothing ou this point, and it must be admitted that 
the conspicuous discrepancies between his description and Shaw's are 
hard to reconcile on the assumption that they refer to the same S|)eci- 
men. Shaw says the body of his animal as stuffed measured 9 inches, 
and the tail 2 inches. Kuhl says the body measured 7 J inches, and tail 
2J inches. Shaw described his animal as "a^sh-coloured," and *'pale 
greyish -brown," while Kuhl says that his inclined to rufous ("rufes- 
cens '') — the proper color for Gcomys. 
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Is it not possible that Richardson, in translating the Latin of Kahl 
or the (lerman of Lichteustein, fell into the same error as Baird? At 
all events it should not be forgotten that Richardson wrote nearly 
thirty years later th^n Shaw — an interval sufficiently long to allow 
additional specimens to reach England and also to favor slips of mem- 
ory. It should be further remembered not only that Lichtenstein had 
a specimen additional to that described by Shaw, but also (and much 
more imi>ortant) that there appears to be no ground for the assump- 
tion that Kuhrs description was taken from Shaw's specimen ; in fact 
the marked discrepancies between them seem to prove the contrary, as 
pointed out above. 

Shaw's and Richardson's descriptions are utterly irreconcilable on 
the assumption that they refer to the same specimen, but would be per- 
fectly intelligible if it can be shown that a second specimen found its 
way into the Bullock collection between the years 1800 and 1819. 

The matter is still further complicated by Richardson himself, who, 
writing in 1831, says: "We lately received several specimens of the 
Mus hursarius of Shaw (which is a true Geomys, with i>ouches opening 
internally ) from the banks of the Saskatchewan." (Zoology of Beechey's 
Voyage of the Blossom, 1839, 9.) This statement shows that Richard- 
soil's ideas respecting the status and distribution of the several mem- 
bers of the group were badly confused, for it is now well known (as 
before stated) that no species of Geomys reaches the plains of the Sas- 
katchewan ; indeed the genus has not been found to enter Canada at 
all. The use of the generic name Geomyn by Richardson, however, has 
no significance, since he applied the name to ThomomyH as well as 
Oeomysj and it is certain that his Saskatchewan animal is Thomomys 
talpoides Auct. His identification of the species with Muh hursarius 
of Shaw would be in accord with my belief that Shaw's animal could 
have been no other than the common Thomomys of Manitoba and the 
northern plains generally, except for his previous statement, already 
quoted from Fauna Boreali- Americana, that the Bullock specimen had 
grooved incisors and was the identical specimen described by Shaw. 
These ccmflicting statements by the same author I am utterly unable 
to reconcile. 

GEOMYS LUTESCENS Merriaiii. 
(PI. 9, figs, 5 and 7; pi. 14, fig. 14.) 
(ieamyn buraarius luiescena Merriam, N. Am, Fauna, No. 4, Oct. H, 18J)0, .vl. 

Type locality. — Sand hills on Birdwood Ceekk, Lincoln County, 
Western Nebraska. (Type in U. S. National Museum.) 

Geographic distribution, — The Up[)er Sonoran belt of the (xreat Plains 
from southwestern South Dakota southward to Colorado, Texas, cover- 
ing the sand-hill region of western Nebraska, extreme eastern Wyom- 
ing (between the North Platte and Cheyenne rivers) western KansaSj 
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CHSterii Colorado, western Oklabomn, and western Texas, ranging east 
to or a little beyond the ninety-ninth meridian (map 4, C), 

General charaviers. — Size medium or rather lai*ge; coloration pale; 
tail moderate; scant halloed; skull short. 

Color. — Upper parts in winter drab, liberally mixed with black-tip- 
ped hairs along tbe median line, forming a distinct dorsal band from 
end of nose to rump; in summer pale buflfy-ochraceous or wery pale dull 
fulvous without dorsal band. Under parts buffy, usually white in the 
young and sometimes white in adults. Along the eastern and south-* 
ern limits of its range the upper parts are decidedly more fulvous than 
in the typical animal. 

Cranial cliaracterH, — iSkull intermediate in size between breviceps and 
bnrsarius; zygomata broadly and squarely spreading, strongly diver- 
gent anteriorly; nasals normally elon gate wetlge- shaped, as in &iir«arft<«, 
but sometimes broadening in posterior third ; tem])oral impressions nor- 
mally uniting, at least posteriorly, in a low sagittal ridge (pi. 9, fig. 7), 
but sometimes remaining apart, separated by an interspace 1 to 3 mm. 
broad (pi. 0, fig. 5) [this form is commonest in the southwestern part of 
the range of the species); interparietal varying from subquadrate in 
the young to subtriaugular in adults, its size decreasing with age and 
the posterior suture becoming obliterated by ankylosis with the supra- 
occipital; palatopterygoids usually lingulate and tapering jwsteriorly 
as in bursarius, but somewhat narrower'and sometimes strap-shaped. 

Skulls of Geomys luteHcens difter from those of G, bursarius chiefly in 
smaller size, greater relative breadth and ilatness(thebraincaseas well 
as the rostrum being considerably shorter than in true bursarius from the 
Mississippi Valley), and in lacking the high sagittal crest of bursarius. 
Old skulls of lutescens have strongly spreading zygomatic arches which 
are very much brojuler anteriorly than posteriorly, and as a rule the 
premaxilla extends a little further back than in bursarius. 

Skulls of lutescens bear a strong resemblance to those of brevicepsj 
from which they difter in having the frontal region less depressed; the 
zygomatic arches more squarely spreading and more decidedly angular 
anteriorly; the nasal bones broader posteriorly; the ascending branches 
of the premaxilla longer and less blountly rounded posteriorly; the 
temporal impressions normally meeting posteriorly in a low sagittal 
ridge instead of remaining distant; the occiput more truncate (less 
bulging) posteriorly; the rostrum normally broader. 

The cranial characters that distinguish lutescens from texensisj aren- 
arius, and personatus are mentioned under the heads of these species. 

Measurements. — Average of 28 s^iecimens of both sexes from western 
Nebraska: Total length, 256; tail vertebra?, 77; hind foot, 32. Aver- 
age of 12 males: Total length, 270.5; tail vertebne, 84; hind foot, 33.5. 
Average of 10 females: Total length, 240; tail vertebra?, 72; hind foot, 
31.5. 

For cranial measurements, see Table A, p. 204. 
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S^^ecitnens examined'. — ^Total number of typical or uearly typical speci- 
meus 118, from the following localities: 

Soath Dakota: Pine Bidge Agency, 2; Rosebad Agency, 3. 

Nebraska: Chadron, 1; Kennedy, 13 j Valentine, 3; Ewing, 2; Oak- 
dale, 2; Crawford, 1 ; Snake River, Cherry County, 1; Clarks Canyon, 
Cherry County, 7; Dismal River, Thomas County, 1; Niobrara River, 
Sheridan County, 1; near North Platte, Lincoln County, 4; Birdwood 
Creek, 1; Myrtle, 3; Si<lney, 1; Calloway, 4* Kearney, 1. 

Wyoming: Lusk, 3; Uva, 1. 

Colorado: Las Animas, C 5 Denver, 1; Pueblo, 4; Limon, 3; Burling- 
ton, 1; Chivington, C. 

Kansas: Trego County^ 3. 

Oklahoma: Woodward, 3. 

Texas: Canadian, 5; Tascosa, 4; Newlin, 3; Childress, 12; Vernon, 
9; Colorado, 3. 

Number of non- typical specimens 18", from the following localities: 

Kansas: Garden Plain, 4; Belle Plain, 5; Cairo, 6; Kiowa, 2; Ellis, 1. 

General remarks. — Oeomys lutescens is a pallid species inhabiting the 
arid plains west of the ninety-ninth meridian. Its characters are very 
constant throughout most of its range, and if it intergrades with bur- 
sarins it must do so in the narrow strip between the ninety-eighth and 
ninety-ninth meridians. In southeastern Kansas an aberrant form 
exists that seems to be an intergrade between the three types, bursarius, 
lutescens and breviceps, but a larger series of specimens than at present 
available is needed to prove it. This animal is smaller than lutescens^ 
nearly as dark above as bursarius^ and paler below than either. Some 
8i>ecimen8 indeed have the belly pure white, as in texensis. Specimens 
of this apparently intermediate form (mostly immature) have been 
examined from Cairo, Kiowa, Garden Plain, and Belle Plain, Kansas. 

Mr. Vernon Bailey states that in western Nebraska, where typical 
lutescens is abundant, the light sandy soil is probably improved by their 
diggings, but that they do considerable damage in grain fields and to 
young trees on the tree claims. 

GEOMYS BREVICEPS Baird. 
(PI. 9, fig. 6.) 
GeamyB brevicepB Baird, Proc. Acad. Nat. Sci. Phila., vii, April, 1855, 335. 

Type tocaWfy.— Peaieie Meb Rouge, Morehouse Paeish, 
Louisiana. 

Geographic distribution. — ^The alluvial lowlands of the Mississippi 
Valley and Gulf coast in southern Arkansas, Louisiana, and Texas, and 
the valley of the Arkansas Kiver; north nearly to southern Kansas, 
and west to near the ninety-eighth meridian, where it is replaced by G. 
lutescens. It is therefore a member of the Austroriparian fauna (map 4 d). 

General characters. — Size small; color very dark both above and 
below; tail of medium length, its distal half nearly naked. 

743a--No. 8 9 



130 NORTH AMERICAN FAUNA. I»a8. 

Color. — Upper parts (lurk russet-browu, darkest along the middle of 
the back (but uo trace of dorsal band in Louisiana specimens) ; nose 
and front of face to above eyes dusky, more or less tinged with russet; 
sides washed with pale fulvous; belly dark plumbeous^ more or less 
obscured by pale buffy-fulvous tips to the hairs; feet and throat white; 
hairs on base of tail dusky (remainder of tail practicAlly naked). The 
color of the back is hard to describe, and the term used (* russet-browu ') 
is intended only as rcmghly indicating the general effect. The indi- 
vidual hairs are dark plumbeous, with a narrow subapical zone of dark 
fulvous, tipped with sooty. 

Cranial characters, — Skull similar to 0. Intescens in general ax>pear. 
ance but smaller; zygomata broadly spreading; frontal flat, depressed; 
nasals narrow, emarginate posteriorly, their sides nearly parallel for 
posterior two-thirds, abruptly divergent anteriorly ; ascending branches 
of premaxilla broad and bluntly rounded i)osteriorly; interparietal 
small, very irregular, and much cut up with tortuous windings of the 
sutures as in true * Wormian' bones; temiK)ral impressions never 
uniting in a sagittal crest but perinanently distant, the interspace 
elevated, forming abroad convex band (3 to 5 mm. in width) along the 
top of the skull posteriorly; Jugal longer than basioe<;ipital, bluntly 
rounded anteriorly; occijmt bulging behind lambdoid suture, bat not 
so far as in texensis; pterygoids narrow, tapering iwsteriorly. 

Skulls of /»Tr/cfp/< may be distinguished from those of lutescens by 
the following characters (pi. 9, fig. 0): Size smaller; nasals narrower, 
shorter, and strongly emarginate posteriorly; ascending branches of 
premaxilla normally shorter and more bluntly rounded posteriorly; 
temporal impressions persistent, distant, the bone thickened between 
them; interparietal 'Wormian 'like; zygomata more rounded; inter- 
orbital region more dei>ressed. Nevertheless, the cranial resemblances 
are striking in view of the dissimilarity of the animals in size and 
external appearance. Moreover, skulls of hrevicepft from the western 
part of its range have broader nasals; and skulls of lufescens from adjeL- 
cent territory have a narrow sagittal area (resulting from permanently 
distant temporal iini)ressions). It is probable, therefore, that the two 
forms will be found to intergrade. 

Skulls of hreviceps difter from those of texensis in larger size, much 
more spreading zygomata; longer and very much narrower nasals; 
broader, flatter, and more depressed frontal interorbitally; much longer 
jugal; smaller and more irregular interparietal; less bulging occiput; 
broader and more bluntly rounded ends to ascending branches of pre- 
maxilla. Viewed in profile, the skull of brericeps is flat and somewhat 
depressed or concave between the orbits ; that of texensis is normally 
convex. 

A verage measurements of 40 s[)ecimens of both sexes from type locjility 
(Mer Rouge, Louisiana): Total length, 219; tail vertebra?, G4; hind 
fOQtj 27. Average of 15 males from same place: Total length, 231; tail 
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vertebrae, 70; hind foot, 28. Average of 23 females from same place: 
Total length 212; tail vertebne, 01; hind foot, 26.5. 

For cranial measurements see Table A, p. 205. 

Oetieral remarht. — The type form of Oeomys hreviceps inhabits 
northern Louisiana, east of the Ked Rive^, the exact type locality 
being Prairie Mer Eouge in Morehouse Parish, near the northern 
boundary of the State and only a short distance west of the Mississippi 
liiver. The species as a whole is an inhabitant of the dark alluvial 
soils of the lowlands bordering the Lower Mississippi and its tributa- 
ries and the Gulf coast of Texas, whence it spreads westward nearly or 
quite to the ninety-eighth meridian. To the southward it reaches 
^Nueces Bay. On the west it probably intergrades with texensi^ and 
lutescens. On the north there seems to be a hiatus between its range 
and that of bursar tun; but if pocket gophers are ever found in northern 
Arkansas, southwestern Missouri, southeastern Kansas, or north- 
eastern Indian Territory, they are likely to prove intergrades. 

Departuren from the type, — JSpe(»imens from extreme points in the 
range of the specdes differ much from the type. Two of these forms 
are here named as subspecies ((?. breviceps nagittaUs and G. breviceps 
atiwateri). Others are regarded as slightly aberrant forms not merit- 
ing recognition by name; others still as intergrades. The following, 
contained in the Department of Agriculture collection, seem worthy of 
mention: 

(1) A large dark form inhabiting the valley of the Arkansas River. 
The skulls point toward intergradation with the interior animal. 
Specimens from Tulsa and Fort (Jibson, Indian Territory, and Fort 
Smith, Arkansas, resemble breviceps in coloration, while those from 
Ponca Agency, Indian Territory, are redder, shjiding strongly toward 
luteseens. 

(2) A form from the valley of the Red River of the South, along the 
boundary between Texas and Indian Territory (sx^eci mens from Gaines- 
ville, Tex., and from Indian Territory opposite Arthur, Tex.). A small 
reddish form resembling breviceps externally, but with dark belly and 
a short tail. The skulls are more like texensis in general form (full 
brain case and narrow zygomata), and in the shortness and breadth 
of the nasals; but the ascending arms of the premaxilla are even 
shorter and more bluntly rounded posteriorly than in breviceps. The 
frontal Jind interparietal are intermediate between the two.* Regarded 
as an intergrade. 

(3) A form from Shreveport, Louisiana. Much redder than true 
oreHcepSj resembling texensis in coloration of upper parts, but with 
dark belly. The skull differs from typical breviceps in more angular 
zygomata, broader nasals, and less depressed frontal. Regarded as a 
slight local departure from breviceps. 



* Sknll No. 47590 ^ ad. from Gainesville, Texas, is au excellent example of this 
form. 
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(4) A form from Galveston Bay, Texas (specimens from Clear Creek 
and Arcadia). A small, dark, highly-colored form with the head nearly 
black, and the throat and fore feet usually- wholly or partly white, in 
sharp contrast with the dark of the surrounding parts. The skull differs 
from that of typical hreviceps in smaller size, and in having shorter and 
broader nasals. Regarded as a subspecies and described under the 
name ftagittalis. (PL 9, fig. 4.) 

(o) A form from the coastal plane of Texas (specimens from Brenham, 
Milano, Hearne, Marquez, and Palestine.) Usually has a well-marked 
dark dorsal band, and the skulls differ from typical hreviceps in having 
shorter and broader nasals. Skulls of old males from these localities 
are unusually short and have broadly spreading zygomata. The nasals 
are very broad posteriorly in comparison with true breviceps. Regarded 
as an aberrant form, perhaps shading toward texenMs on one side and 
toward atticateri and sagittaliH on the other. 

(6) A form from the extreme southern limit of the range of the spe- 
cies on and near the (iulf coast of Texas. (Specimens from Rockiwrt, 
Aransas County; Tallys Island, Aransas County, and near San 
Antonio.) A large dark form with a dark dorsal band in some pelages, 
and peculiar cranial characters: angular and strongly divergent zygo- 
mata, very broad ascending arms of premaxilla, and so on. Regarded 
SkS a subspecies, and described under the name attwateri (pi. 9, fig. 3). 

Specimem examined — Total number, 274, from the following locali- 
ties: 

Typical or nearly typical, — Mer Rouge, Morehouse Parish, Louisiana 
(type locality), 42; Pineville, Rapides Parish, Louisiana, 2; Provencal, 
Natchitoches Parish, Louisiana, 4; Shreveport, Caddo Parish, Louisi- 
ana, 8; (^amden, Ouachita County, Arkansas, 1; Benton, Arkansas,?; 
Fort Smith, Arkansas, 7; Fort Gibson, Indian Territory, 16; Tidsa, 
Indian Territory, 2. 

Not typical. — (lainesville. Cook County, Texas, 5; Decatur, Texas, 
1; Indian Territory, near mouth of Boggy River (opposite Arthur 
Texas), 4; Ponca Agency, Oklahoma,!); Oklahoma City, Oklahoma, 3 
The following, all from Texas: Longview, 4; Mineola, 14; Terrell, 7 
Troup, 1; Palestine, o; Marquez, 5; Hearne, 9; Milano, 12; Brenham, 7 
Victoria, 1; Inez, 3; Navidad River, 1; Houston, 9; Matagorda Bay, 9 

Subspecies sagittalis. — Mouth of Clear Creek, Galveston Bay, 4 
Arcadia, (xalvesttm Bay, 22. 

Subspecies atticateri. — Rockport, Aransas County, 40; Tallys Island, 
AraUvSas County, 3; Calaveras, Wilson ('ounty, 3; San Antonio (18 
miles south), Bexar County, 7. 

Mr. Vernon Bailey, chief field njlturalist of the Division, visited the 
type locality of Geomys breviceps^ Prairie Mer Rouge, Morehouse Parish, 
Louisiana, in June, 1892, for the purpose of obtaining a series of duplicate 
types of the species. He found it common throughout the fields of the 
open country and along roads and fields in the woods of the flat land, 
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except where flooded, but not in staudiu^^ timber or on hilly land. He 
stiites: ''They do not seem to be so common in cultivated land as m 
pastures and along fences and roadways. In one pasture of 20 acres 
we caught fifteen and one remained. They were more abundant at this 
X)oint than elsewhere^ — probably twice as numerous to the area as they 
would average over the whole prairie. The damage done in the pasture 
by covering grass was trifiing. This species does not seem to dig 
extensively, and the hills are small. Usually one or two are thrown 
up in a night. In one place, where a gopher had run his tunnel in a 
straight course, I counted sixteen hills in a line (> rods long (measured). 
A hill of average size measured 24 by 15 inches in diameter and 6 
inches in height. Probably the reason the goi>hers do not dig more 
extensively is that food is abundant and the soil compact. The greatest 
damage the farmers claim from gophers, or 'salamanders' as they are 
called here, is that they carry the tubers of the troublesome cocoa or 
nut grass from place to place, often bringing them from a roadside or 
waste place and storing a large quantity in their burrows in gardens or 
fiehls and leaving them to grow where they had been kept out with great 
difficulty. This cocoa grass is one of the worst plants with which the 
farmers are troubled and is very difficult to get rid of when once started 
in the land. Small tubers are borne along the roots, and these are 
carried by the gophers, though I have not found them in their pockets. 
The stomachs examined contained green vegetable matter. White 
clover seeuis to be a favorite food. Most of the specimens taken were 
moderately fat. In June the young were half grown to nearly full 
gi'own. Of 27 si)ecimens which I examined, 12 were males and 15 
females."* 

Mr. O. L. Newman writes me that at Camden, Arkansas, this species 
(specimen received for identification) is abundant in se<;tions of the 
Ouachita River Valley, where they are known almost exclusively as 
'salamanders.' lie says: "They seem to prefer old fields that have 
grown up in pine. I know of a place about a mile from Camden where 
the surface of about an acre of ground is mulched with loose earth 
brought from their burrows. Last year (1893) I caught twenty three 
from about 6 acres of ground." 



* Mr. Vemon Bailey coutributes the foHowing notes on a 8peciinon exaiiiiued in 
the flesh at Mer Ronge, La., in June, 181)2: ** Size small ; pelage very soft and silky; 
skin loose, as thongh much too large for the body; body soft and flabby; soles of 
feet, nose, and end of tail hairless, smootb, shining, and white when clean. Lips 
hairy over the edges, but roof ^of mouth not hairy all tlie way across, a narrow line 
of smooth skin extending along the median line to the incisors; eyes small for a 
Geamya; cornea relatively largo, measuring 3 mm. across, nearly equaling diame- 
ter of ball; no apparent lid, eye opening 3.5 mm. by 2 nnn. (normally), its long 
axis parallel to a line drawn from ear to tip of nose; color of eye appearing shiny 
black; ears consist of a circular rim 1 mm. high and about 5 mm. in diameter; 
opening of meatns 2 by 2.5 mm., slightly elongated vertically; mustache spreading 
forward and back; distance from eye to end of nose 21 mm.; from eye to center of 
ear, 17 mm." 
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GEOMYS BKEVICEPS SAiJITTALIS siibsp. nov. 

(PI. 9, fiK.4.) 

Type from Clear Crkkk, Galveston Bay, Texas. No. li%Vi i a<i- I"- S. Nat 
Museum, Department of Agriculture collection. Collected March 28, 1892, by 
William Lloyd. (Original number 1181.) 

Geographic distribution. — Gulf eoast of Texj^s about Galveston Bay. 

General characters. — Similar to brericepsj but smaller and more highly 
colored : head very dark ; throat and fore feet pure white in shaq) con- 
trast to dark of surrounding parts. The skull differs in having a dis- 
tinct sagittal crest and in other particulars. 

CoZor.— Upper parts rich, glossy, russet brown, strongly tinged with 
fulvous, becoming dusky along the middle of the back and head (but 
no distinct dorsal band) ; entire head and nose very dar-k, almost black, 
but washed in places with fulvous; inside of cheek pouches, chin, 
throat (breast also in some specimens), and fore legs pure white in 
sharp contrast. On the upper side of the fore legs the dark color of 
the sides reaches down about half way to the wrists and ends abruptly 
with a sharp line of demarkation. The under side of the fore legs is 
pure white to elbow. The belly varies from whitish, strongly washeil 
with buffy ochraceous, to fulvous. The Arcadia specimens are not 
exa^jtly like those from the mouth of Clear Creek. 

Cranial characters (type specimen). — Skull similar to that of brericeps 

but smaller; zygomata more divergent anteriorly (in male); nasals 

shorter and broader posteriorly, bringing the constriction much nearer 

the middle; audital bulla* smaller; ascending branches of premaxilla 

narrower posteriorly; tem[>oral impressions meeting in a well marked 

sagittal crest in male. In the female the temporal impressions never 

meet in a sagittal crest; the brain case is smoothly rounded, and the 

interparietal persists as a relatively large bone. 
In the Arcadia males the temporal impressions do not meet in a 

sagittal crest as in the type. 

Measurements {taken in flesh). — Type: Total length, 225; tail verte- 
bra^, 70; hind foot, 27. 

Average (of 5 males from Arcadia, Galveston County): Total length, 
220; tali vertebne, 64; hind foot, 26. 

Average (of 15 females from same pla<»e): Total length, 196; tail 
verte.bra*, 54; hind foot, 23. 

For cranml measurements, see Table A, p. 205. 

Specimens examined. — Total number 24: 4 from Clear Creek, Galves- 
ton Bay, and 20 from Arcadia, Galveston County, Texas. 

General remarl's. — To the Jiortli westward sagittallis passes into the 
coastal i)lain form already mentioned under the head of G, breviceps. 
Old males of this form sometimes develop remarkably broad skulls. 
The broadest skull that I have seen in the restrictetl genus Geomys is 
an old male from Brenham, Washington County, Texas (No. 63612). It 
afibrds the following measurements and ratios: Basal length, 40; 
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basilar length of Hensel, 37; zygomatic breadth, 28.5. Ratio of zygo- 
matic breadtli to basal length, 71; to basilar length of Heusel, 77* 

GEOMYS BREVICEPS ATTWATERI * siibsp. iiov. 

(PI. 9, fig. 3.) 

Ti/pfi froui RocKPORT, Aranraa County, Texas No. 51382 ^^ ad. U. S. Nat. Museum, 
Dopartmeiit of Agriculture collection, Collected November 18, 18J)2, by H. H. 
Keays. (Original No. 36.) 

Geographic distribution. — Coastal plain and islands of Texas between 
Matagorda and Nueces bays; 'penetrates the interior to within a few 
miles of San Antonio. The south side of Nueces Bay is the home of 
another form (Q. personatus fallax). 

General characters. — Similar to G, hrevicepSj but larger and less dark 
in color; feet and basal third to half of tail moderately well haired 
for a Geomys; terminal half to two-thirds of tail nearly naked ; zygomatic 
arches angular, strongly divergent anteriorly. 

Color, — Upper parts russet brown, becoming dusky on the head and 
usually along the median part of the back; under parts vjirying from 
soiled whitish to buflfy ochraceous. In some si)ecimens the color of the 
upper x)arts is less fulvous than in others, and the dark dorsal band is 
variable; in some specimens it is absent, sometimes the head is nearly 
black from end of nose to occiput, the blackish area limited laterally 
by the eyes and ears, the sides of the face being russet in rather strong 
contrast. The type specimen is in this pelage, except on the hinder part 
of the back and rump where the more fulvous summer pelage remains, 
without trace of the dorsal band. 

Cranial characters. — Skull similar to that of brevicepsy but frontal 
less depresse<l interorbitally; zygomata less spreading, strongly diver- 
gent anteriorly, more angular, more depressed, the maxillary arm slop- 
ing strongly backward; ascending branches of premaxilla broader and 
usually more abruptly truncate posteriorly; nasals shorter and normally 
convex instead of emarginate j)Osteriorly. The nasals are normally so 
narrow posteriorly, and the premaxilhe so broad, that in some cases the 
latter nearly meet behind the former (as in the type specimen, pi. 9, 
fig. 3). Normal skulls of atticateri difter markedly from those offallax 
in the form of the zygomata, the maxillary arms sloping strongly back- 
ward instead of standing out at right angle, and the outer sides being 
strongly divergent instead of nearly parallel. The nasals are narrower 
and contracted posteriorly, the ascending arms of the ])reinaxi]la 
broader, and the audital bulhe less swollen. In the series of tifby-two 
skulls of Geomys brericeps atticat^ri now before me, three depart from 
the normal in general outline, as seen from above, and resemble /aWax 
in the form of the anterior part of the zygomatic arches, which stand 
out squarely from the cranial axis and have the antero-external angles 



* Named in honor of Mr. H. P. Attwater, of San Antonio, Texjia, who collected nearly 
all of the specimen B. 
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broadly rounded. In other respects tbey are typical atlwateri. All 
are very old males, collected at Bocki^ort by Mr. Attwater (orif^nal 
Nos. 102, 118 and 119). They now belong to the Americau Maseumof 
Natural History in New York. 

MeasnremenU (taken in flesh). — Type: Total length, 250 ; tail vertebrae, 
a5; hind foot, :K).5. 

Average of 10 males from type locality: Total length, 25,1; tail ver- 
tebrae, gO; hind foot, 30. 

Average of 7 females from type locality: Total length, 220; tail ver- 
tebra?, 68 ; hind foot, 28. 

For cranial measurements see Table A, p. 205. 

Specimens examined, — Total number 5^^, from the following localities 
on or near the Gulf coast of Texas: Rocki)ort, Aransas County (type 
locality), 40; Tallys Island, Aransas County, 3; Calaveras, Wilson 
County, 3; San Antonio (18 miles south), Bexar County, 7. 

General remarks, — Oeomys brevixieps attirateri is a medium-sized 
species closely resembling its near neighbor O.fallax in color, though 
somewhat darker, and with the liin<l foot shorter. The resemblance to 
G, breviceps is much closer in the plumbeous russet pelage than in the 
fulvous pelage. 

Mr. H. P. Attwater has kindly contributed the following memorandum 
respecting the habitsof this gopher at Rockport, Texas : "As soon aa the 
warm weather sets in, from about May to September, very few gophers 
are observed working. The soil is sandy, and at all times damp, 
dampness known as 'natural subirrigatiou.' In the hot weather the 
dampness does not come as near the surface as in the cooler months. 
I have thought that perhaps the gophers travel deeper in summer, but 
now think the chief reason why they do not throw up hills in summer, 
as they do in fall and winter, is that during the summer months the 
soil is so full of roots, suckers, bulbs, et<'., that they do not have far to 
go before finding all they can eat, and that the reason they work so 
much after the summer months are over is because they are hunting 
around to find some bulb or root which was their favorite food in 
summer, and which they commenced to find about the month of May, 
and was over with in September. Th<^ animals are very abundant all 
over the peninsulas in Aransas County, wherever the soil is sandy. 
There is hardly a foot of land that has not been 'plowed' several times 
over by gophers, and 1 believe the fertility of some sections has been 
greatly improve<l by them, by bringing the poorer soil up to the top. 
1 liave noticed that the richer the land the richer the gophers. Of 
course they do considerable damage to vegetable crops, especially to 
young fruit trees and cuttings Just rooting. The samples sent you of 
mulberry trees cut by gophers were from the Faulkners' ranch, on St. 
Charles peninsula, in the eastern part of the county. Mr. Samuel 
Walker, the manager of the ranch, told me that he killed over two hun- 
dred and fifty gophers in his young pear orchard between the lat of 
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March and April 15, 1893. This orchard was set out where sweet 
potatoes had grown the year before, and they came up again and cov- 
ered the ground, and I think the potatoes attracted the gophers in the 
first place more than the pear trees." 

GEOMYS TEXENSIS sp. nov. 

(PI. 9, fig. 2; pi. 13, tig. 12.) 

Type from Mason, Mason County, Texas. No. l*ll 9 mi. Merriam collertlon. Col- 
lected by Rev. Ira B. Henry, December 17, 1885. 

Oeographic distribution. — Mason County, central Texas, and prob- 
ably thence southerly to the Rio Grande; limits of range unknown 
(map 4, £). 

General characters. — One of the smallest known species; tail short; 
terminal third nearly naked. 

Color, — Upper parts liver-brown, finely mixed with black-tipped 
hairs, much as in 0, bursarius. Under parts and feet white. The hairs 
of the belly are plumbeous at base in the type and other winter 
specimens; in summer specimens they are white throughout. Throiat 
Hufiused with pale buflfy fulvous, forming a complete collar. In some 
specimens this collar is interrupted along the median line. The 
color of the upper parts is darker in winter than in summer, as 
usual in the genus. There is no trace of a dark dorsal band in adults, 
but in the young the black-tipped hairs are sometimes concentrated 
along the middle of the back, forming an ill defined dark streak. 

Cranial chara^sters, — Skull small (smallest of the known species), 
smooth ; zygomata only moderately spreading and normally but slightly 
divergent anteriorly; nasals short, rather broad and convex or trun- 
cate behind; ascending branches of premaxilla long, normally passing 
plane of lacrymals, usually straight on inner edge behind nasals and 
attenuate on outer edge; temporal impressions not forming distinct 
ridges and not uniting in a sagittal crest, usually separated by inter- 
space 1-3 mm. broad in adults; jugal short (shorter than basioccipital) ; 
interparietal broader than long, normally oval or elliptical and project- 
ing posteriorly behind plane of lambdoid suture; occiput bulging 
I)OSteriorly more than in any other United States species (resembling 
Pappogeomys bulleri and some species of Thomomys). 

Skulls of texensis differ conspicuously from those of O. arenarius in 
the following points: Nasal branches of premaxilla longer and more 
pointed posteriorly; jugal more slender; no distinct knob at end of 
squamosal arm of zygoma; no distinct temporal ridges; interparietal 
projecting posteriorly behind plane of lambdoid suture; occiput more 
bulging posteriorly; mandible less heavy. G. texemis differs from G. 
breviceps in the shape of the nasal bones which are usually short, very 
broad posteriorly, with the sides nearly parallel. In G. breviceps they 
are usually longer, strongly wedge shaped, very narrow posteriorly, 
with the anterior third abruptly broader and flaring. In texensis the 
nasal branches of the premaxilla reach or x>ass the plane of the orbital 
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fossa and are pointed; in brevicepn they usually fall short of this jilane 
and are bluntly rounded. In texenHs the jugal is shorter than thehaHoc- 
cipital'j in hreviceps it is longer. In breviceps the outer angle of the 
zygomatic arch is evenly rounded ; in texensis it is angular and abruptly 
flattened (or even excavated) on its infero-external face, beginning at 
the angle and extending posteriorly under the jugal (as seeu from the 
side). The inflated mastoids and audital bulhe are larger in hreviceps^ 
in which sx)ecies the mastoids are conspicuously broader than in texen- 
8f8, the exposed part, viewed from behind, being as broad as high, while 
in texensis the breadth is only about half the height. But the range 
of individual variation is so great that much confidence can not be 
placed on this character.* In hreviceps the frontal is flatter and 
depresseil in terorbi tally, forming a slight concavity in the plane of the 
upper side of the skull when seen in profile; in texensin the i>rofileis 
convex at this point. 

Skulls of Qeomys texensis difler Irom those of G. bursariu^i^ in mldition 
to their much smaller size, in shorter rostrum and brain case, less promi- 
nent ridges and processes for muscular attachments, absence of sagittal 
and lambdoidal crests at all ages; much larger interparietal; much 
larger audital bulhe (which are inflated and rounded antero-laterally 
instead of flattened), and in the greater length of theascending branches 
of the premaxilla posteriorly. The skull as a whole is not only much 
smaller than that of hursarins^ but is relatively thin and smooth, like 
that of ThomamifH. The arch of the brain case is low, but not so flat as 
in hrevicvps^ and the temporal impressions never meet along the median 
line. 

Measurements, — Type specimen : Totjil length, 203 (measured in flesh) ; 
hind foot, 28 (in dry skin moistened to straighten the toes). Tail not 
measured in flesh, but short ; about 00 in dry skin. Average total length 
of 28 specimens from type locality measured in flesh, 210. 

For cranial measurements see Table B, p. 200. 

Specimens examined. — Total number 31, from the following localities 
in Texas: Mason, Mason C<mnty (type locality), 28; Laredo, 1; Syca- 
more Tree (on Kio Grande), 1; Del liio (on llio Grande), 1. 

General remarhs, — Geomys texensis is a small white- bellied species 
inhabiting central Texas, its back is chestnut- brown or liver-brown, 
much as in the large <lark-bellied G. biirsarius, with which it requires 
no comparison. It is the smallest spec'ies in the United Stsites, about 
e<iualing Pappogeomys bnllcri of Mexico. The only bisulcate 8i>ecies 
of approximately the same size are G, breviceps of Louisiana and its 
subspecies saijittaliH of the Gulf coast of Texas, and G. arenarius of 
the Upper liio (iran<le Valley in extreme western Texas and south-cen- 



" The actual size of the iiiaHtoid ia often hidden bj' the thin outer edge of the esoc- 
cipital which overlies its inner l>()nler, and which i» not always alike on the two 
sides. Hence it sometimes happens that the exposed part of the mastoid is narrow 
ou one side and broad on the other. 



JAH, 1895.1 OEOMYS ARENARroS. 139 

tral New Mexico, with all of which it may intergnrade, although it diflPera 
widely from them all in color and cranial characters, as elsewhere 
shown. On the north, in Oklahoma and southern Kansas, it probably 
intergrades with G. lutescens. 

Three specimens of a small Oeomys from as many points in the Bio 
Grande Valley (Laredo, Del Kio, and Sycamore Creek) are provision- 
ally referred to the present species. The Laredo specimen lacks the 
skull and its upper parts are more drab than usual. The specimens 
from Del Rio and the mouth of Sycamore Creek are too immature for 
positive identification. They differ from the young of texensis from 
the type locality in having longer tails, somewhat darker backs, and 
in lacking the chestnut tint on the sides. Their skulls seem to be 
intermediate between texemis and arenarius. Mr. William Lloyd, who 
collected the Sycamore Creek specimen, states that the species is 
rare there and was found only in a belt of fine sand along the Rio 
Grande. He found a species, presumably the same, on chalky soil near 
Corastock. Mr. Vernon Bailey collected the Del Rio specimen in the 
river bottom, where the species was rather rare. 

GEOMVS ARKNARirS sp.iiov. 

(PI. 9, fig. 1; pi. 13, fig. 13.) 

Type from Kl Paso, Tkxas. No. if/,} i( <^ ad. I'. S. National Museum, Department of 
Agriculture collection. Collected December 13, 1889, by Vernon Bailey (Orig- 
inal No. 798). 

Oeographic distribution, — Valley of the Upper Rio Grande, from El 
Paso, in extreme western Texas, and Juarez, ( -hihuahna (on the Mexi- 
can side of the river opposite El Paso), north to Las (3rnces, New Mex- 
ico, and west to Deming, in the same state (map 4, a). It will prob- 
ably be found to follow the valley somewhat further in both directions, 
and to the east may intergrade \vitli texensis. So far as now known its 
range seems to be separated by a broad interval from that of the si)e- 
cies inhabiting central and southern Texas, the westernmost records of 
which are Del llio and Comstock, in the liio Grande Valley. Curiously 
enough the intervening region is inhabited by a widely different Pocket 
Gopher, one belonging to the unisulcate series, namely, Cratogeomys 
castanops. The ranges of all the other bisulcate species, except iuza^ 
are either directly continuous or contiguous. In faunal position G. 
arenarius belongs to the upper edge of the Lower Sonoran Zone. 

General characters. — Size medium; tail rather long and unusually 
well haired, except near tip; coloration pale. 

Color. — Upper parts drab-brown, finely mixed with black-tii)ped 
hairs; under parts and feet white. In some specimens the color of the 
sides encroaches on the belly and is only partly maske<l by the white 
tips of the hairs. 

Cranial characters. — Skull resembling Thomomys talpoides; size rather 
small (intermediate between texensis and hreviceps) ; zygomata normally 
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narrow and nearly parallel (in one S from El Paso, No. 58340, they are 
exceptionally divergent anteriorly); no sagittal crest at any age; tem- 
poral ridges prominent, distant, and nearly parallel or slightly diver- 
gent anteriorly, nsually separated by a fiat or concave interspace 4 to 
5 °'"' wide, as in Thomomys talpoides; squamosal arm of zygoma endiug 
in a prominent knob over middle of jngal (diagnostic of the species); 
jugal short (shorter than basioccipital); interparietal rather large, 
normally (but not always) broader than long, usually subquadrangular 
or with the corners rounded anteriorly, truncate posteriorly on plane 
of lambdoid suture; occiput bulging posteriorly, but not so far as in 
texensis; palatopterygoids normally abruptly narrow, their sides nearly 
parallel (but form somewhat variable) ; mandible heavy for size of skull. 
The females difter from the males in having shorter nasals, larger par- 
ietals, and less prominent tem(X)ral ridges. As a rule the inters})ace is 
somewhat thick<»ned and the ridge is evident from the outer side only. 

The skull of G. arenarius differs from that of texemis in the follow- 
ing characters: Jugal heavier and broader; temporal ridges much 
more prominent and dist^^nt; a prominent knob at distal end of* squa- 
mosal arm of zygoma; top of skull flatter; frontal broailer anil flatter 
in terorbi tally; interparietal truncate posteriorly on plane of lambdoid 
suture; occiput less bulging. It differs from lutescenn in much smaller 
size, narrower and more parallel zygomata; shorter jugal; in the 
presence of well-developed distant temporal ridges, and of a prominent 
knob at distal end of squamosal arm of zygoma; shorter and somewhat 
narrower nasals, and shorter ends of ascending arms of premaxilla 
behind the nasals. 

Meoifurements (t^ken in flesh). — Type specimeii ( <J ad.): Total length 
258; tail vertebra*, 88; liiml foot^ 33. Average of 8 males from type 
locality: Total length, 2()0; tail vertebrie, 83; hind foot, 32. Average 
of 24 females* from type locality: Total length, 250; tail vertebrae, 78: 
hind foot, 32. 

For cranial measurements see Table B, p. 207. 

Specimens examined. — Total number 43, from the following localities: 
Juarez, Mexico, 3; El Paso, Texas, 30; Deming, New Mexico, 3; Ijes 
Cruces New Mexico, 7. 

General remarls. — in color and external appearance Geomys arenarius 
closely resembles the typical form of G, lutescens (from western Ne- 
braska and eastern Wyoming), diftering chiefly in smaller size and in 
greater length and hairiness of tail. From its nearest ally in central 
T<»xa8 (G. texensis) it differs both in color and proportions, having the 
upper parts pale drab instead of reddish brown, and the tail long and 
hairy instead of short and nearly naked, in cranial characters it may 
be distinguished from all other species by the presence of distant tem- 



• L!. 



Some of the specimens recordod as feuialcs are very large anil were probably 
males; hence the averages here given for females arc probably too great. 
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poral ridges or ribs, which are nearly parallel, in connection with the 
development of a prominent knob at the distal end of the squamosal 
arm of the zygoma. 

Tiiis fine cpecies was discovered by my assistant, Mr. Vernon Bailey, 
at El Paso, Texas, in December, 1889, and was obtained by him at 
Deming, New Mexico, also. Mr. J. Alden Loring, who was sent to the 
Upper Rio Grande Valley to work out its range, secured a large series 
fix)m Las Oruces, New Mexico, and Juarez, Chihuahua, Mexico, as well 
as at the type locality. El Paso, Texas. Mr. Loring says: "They 
are not very common on the Mexican side of the river, but extremely so 
on American soil, where they seem to thrive and grow fat. The places 
they most prefer are railroad embankments and irrigation ditches, 
where they were found both in sand and wet, dark clayey soil. Two 
were seen on February 5 just as they protruded their hesuis from their 
holes. Their faces were covered with dirt, and as soon as they had 
shaken it otf they saw me and quickly dodged back. When these 
Gophers were caught I noticed that they walked with the claws of the 
front feet partially doubled under, which did not aUow the sole of the 
foot to touch the ground.'' 

GEOMYS PERSONATUS True. 

(PI. 12, fig. 4; pi. 13. fig. 14; pi. 14, fig. 4.) 

(ieomys personatM True, Proc. U. S. National Mu8eum, xi (for 1888), Jan. 5, 1889, 
15^-160. 

Type locality. — Padre Island, Texas. 

Oeographic diHtribution. — The Tamaulipaii fauna of Texas, comprising 
Padre Island and the adjacent mainland southwesterly to Carrizo on 
the Rio Grande (map 4, F). 

General character a. — Size large; coloration pale; tail long, scant- 
haired on proximal half and nearly naked on distal half. 

Color, — Upper parts pale drab (darker in winter from more liberal 
admixture of dark-tipped hairs) ; middle of face from nose to above eyes 
inclining to dusky. Under parts white, sometimes obscurely clouded, 
from the presence of irregular patches of hairs with i)lumbeou8 bases, 
the hairs on other parts of the belly white to roots. Tail hairs white, 
but too far apart to give color to the nearly naked tail. 

Cranial characters, — Skull large, heavy, with well-developed proc- 
esses and ridges and a high sagittal crest (pi. 12, fig. 4); zygomata 
standing out at right angle to axis of skull; jugal bluntly and broadly 
rounded anteriorly, and short, not longer than basiocciptal (measured 
from condyle); nasals long and narrow, anterior third spreading; 
frontal narrow interorbi tally, the orbital borders rounded; basioccipital 
with sides parallel, or nearly parallel. In profile the top of the skull 
(including the sagittal crest) is nearly a straight line. 

Adult skulls of Oeomys personatm may be easily distinguished from 
those of bursarim and lutencem by the squareness of the zygomatic 
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arches anteriorly, the shortness of the jugal bone anteriorly, with cor- 
respoiKling production of the maxillary arm of the zygoma. The greatest 
length of the jugal in personatus is only equal to the length of thebasi- 



occipital bone (measured from the condyle). In both hur%ar%u% and 
lutescem the jugal is much longer than the basiocx*ipital. In personate 
the skull as a whole is relatively as well as ac*tually longer, and nar- 
rower across the zygouiatic arches, than that of luUscenn^ from which 
it differs further in the following particulars: zygomatic breadth 
usually less than distance from foramen magnum to incisive fora 
mina (the contrary being usually true in lutescens)] ascending branches 
of premaxilla extending much further posteriorly; zygomatic arches 
relatively long, only moderately spreading anteriorly (except in 
extreme age), but standing out at right angle to longitudinal axis of 
skull; orbital foss;e elongated antero-posteriorly instead of sabtri- 
angular; length of frontal along median line usually equal to length of 
nasals ((tnnmonly shorter in lutescenn) ; audital bullae longer, with outer 
side flattened; inflated mastoid smaller. Skulls of lyersonatus average 
longer in i)roportion to the zygomatic breadth than those of any other 
known bisnlcate species, except the Mexican Zygogeomys irichopm 
(the ratio of zygomatic breadth to basilar length ranging from 68 to 
72 percent), though in this respect they differ but slightly from Geomys 
hnrnariuH, 

Mmanremrnts. — Of V\ specimens (of both sexes) from type locality 
(Padre Island): Total length, 391); tail vertebrae, 103; hind foot, 37. 
Average of 4 males: Total length, 315; tail vertebne. 111; hind foot, 
41). Average of U females: Total length, 293; tail vertebne 100; hind 
foot, 3(J. 

For cranial measurements see Table B, p. 20<>. 

Specimens examined. — Total number 33, from the following localities 
on or near the (rulf coast of Texas: Padre Island (tyi>e locality), 15; 
near Snnta Rosa, 8; Sauz Kancho, 0; Carrizo, 3. 

Number of subspecies /aZ/rtr 22, as follows: Nueces Bay and River 
'south side), 6; Corpus Christi, 15; Las Mottes, 1. 

Departures from the type, — The type locality of Geomytt personalis is 
Padre Island. Fairly typical specimens are at hand from points on 
the mainland west of the southern part of this island, namely, Santa 
Rosa and the Arroyo Colorado (Sauz Rancho), and also from Carrizo 
on the Rio (rrande, though the latter deparc somewhat from the type. 
Singularly enough, specimens from the lower Nueces River and Bay, 
and from Corpus Christi and Las Mottes, differ decidedly from the typ- 
ical animal in smaller size, darker coh)r, and in important cranial charac 
ters. The skull is much smaller, more abruptly truncate posteriorly, 
with more spreading zygomatic arches, and much more globular audital 
bulhe (pi. 12, flg. 3). This form is here separated sub-specifically under 
the name Geomys personatus fallaj' (see p. 144). Intergradation between 
personatus aud/ai/oj? probably occurs in the narrow strip between Santa 
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Rosa and Corpus Ghristi Bay, since the siugle specimen from Las 
Mottes, a few miles south of Nueces Bay, is somewliat larger than the 
Nueces Bay and Corpus Christi specimens. 

Some of the specimens from Santa Eosa are fairly tyj>\cal personutus, 
though all have more swollen audital and mastoid bullse. One adult 
skull (No. 42,860) from the Arroyo Colorado (Sanz Eancho, about 50 
miles north of Brownsville) has a very narrow rostrum, narrow zygo- 
mata, projecting occiput, very much swollen mastoid and audital bullsB 
(the latter almost subglobular) and abnormally short and narrow jugal. 
Five other skulls from the same locality are young and apparently less 
extreme. The adult skull miiy be regarded as abnormal, or as pointing 
to the differentiation of an incipient race. 

General remarht, — Oeomyn pei'sonatus resembles Q, lufescens in sum- 
mer iK»lago more closely than any other form. The typical animal may 
be distinguished from lutescen^ at all seasons by larger size, longer feet 
and tail, by important cranial characters (just described in detail), and 
by the white of the under parts. In summer specimens of O. lutescens 
the belly is sometimes pale, but rarely white except in the very young. 
The color of the upper parts in summer pelage differs but little in the 
two species, being drab in both, with the nose and middle of the face, 
as far back as the eyes, inclining to dusky; but in winter and early 
spring- the two differ notably, the dusky face markings of lutescens 
extending posteriorly over the head ami back to the rump, forming a 
distinct dorsal stripe. In this pelage, Ulso, the under parts are much 
darker, the fur being dark plumbeons, tipped with drab. While per- 
sonatus is the Jarger of the two animals, the claws of the fore feet are 
equally largo (and relatively larger) in lutescens. In some specimens of 
personatus the claws are remarkably long and slender — the result, doubt- 
less, of the unresisting character of the sand in which the animals live. 

The geographic distribution of Geomys personatus (including sub- 
species fallax) appears to coincide with the limits of the arid tropical 
area of Texas — an area recognized and defined by me in 1892,* and sub- 
sequently named the Tamaulipan fauna by Allen.t The range of the 
species has been Jiscertained to terminate abruptly both on the north 
and on the west, specimens from a few miles north of Corpus Christi 
Bay, and from Laredo on the Rio Grande, belonging to different species. 

Mr. William Lloyd, who collected the specimens, states that G. person- 
atus IS abundant in a patch of fine sandy soil above ('arrizo, but was 
not found elsewhere in the neighborhood. lie states further that in 
traveling north from the mouth of the Eio Grande it was first met on 
entering the great sand belt on the north side of the Arroyo Colorado 
(at El Sauz). It continued throughout this sand belt, becoming more 
abundant to the northward. On Padre Island he found the animals 
living in colonies, perhai)S a mile or more ai)art, and (jominon from the 



"Presidential Address, Proc. Uiol. Soc, WaHhingtoii, April, 1892, p. 33. 
t Bull. Am. M«e<?»im Nat. Hwt., ^>w York, Vol iv, Jan., 1893, 241-243, 
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north eud to the center of the island, bat not within 20 miles of the 
south end. Mr. Lloyd says: ^^Their habits are in some respects pecu- 
liar, owiii[;c perhaps to the soft sand that caves in on them, or to fear 
of the coyotes, or for both reasons; they fill up their tunnels for a yard 
or two almost immediately after they throw out the dirt. They can 
not go very deep in the flats or they would reach water; in fact, the 
water filled some of the tunnels for about a foot until they curved 
upward. Not more than one is ever found in a hole. " 

GEOMYS PERSON ATi;S FALL AX eubsp. nov. 

(PL 12 fig. 3.) 

Typo from south side of Xukcks Bay, Texas. No. JlWi ^ »d. CoUected Novem- 
ber 30, 1891, by William Lloyd. (Original No. 949.) 

Geographic distributwn. — South shore of Nueces Bay and lower 
Nueces River, Texas; further south passing into G, personatus. 

General characters. — Similar in external appearance to G. persanatus 
of Padre Island, but much smaller (only about half the bulk of that 
species); somewhat darker; tail shorter and nearly naked. 

Color. — Upper parts drab-brown, darker in winter; paler and more 
fulvous in summer; nose and face between eyes dusky; sometimes an 
ill* defined dusky band along the middle of the back. Under parts 
usually marbled with pure white and patches of dark hair (the white 
hair being white to roots). 

Cranial characters. — Skull similar to that of personatusj but very 
much smaller (pi. lli, fig. 3). The zygomata stand out squarely at right 
angles to axis of cranium and are widely spreading, their outer sides 
nearly parallel; the temporal impressions meet in the males in a well- 
marked sagittal crest ; in tbe females they remain apart, separated by 
an interspace about 3 millimeters wide; nasals rather broad and blunt 
posteriorly; jugals short (not longer than basioccipital) ; mastoid and 
audita! bulhe swollen, the latter short and rounded; psJatopterygoids 
narrow, their sides nearly parallel. Skulls oi fallax differ from those 
of personatus in very much smaller size, shorter (and usually blunter) 
ascending arms of premaxilla, more squarely truncate occiput (lamb- 
doid crest less convex ]K)steriorly), and in much shorter and more 
swollen audital bulhe. 

Geomys personatus fallax diflers markedly from G. attwateri (which 
it approaches in size) in the form of the zygomata, the maxillary arm 
standing out at right angle instead of sloping strongly backward, and 
the outer sides of the arches being nearly parallel instead of strongly 
divergent anteriorly. 1 1 differs further in having more globular audital 
bulla^, .broader nasals, narrower ascending branches of the premaxilla, 
and in the males a well-developed sagittal crest instead of permanent 
temporal ridges. 

Measurements. — Type specimen : Total length, 250; tail vertebne,80; 
hind foot, 35. Average of 9 males from south side of Nueces Bay : Total 
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length, 263; toil vertebne, 87; hind foot, 34. Average of 10 females 
from same locality: Total length, 236; tail vertebne, 75; hind foot, 31. 

For cranial measurements see Table B, p. 20(]. 

SpecimenH examined, — Total nutnber 32, from the following localities 
on or near Nueces Bay, Texas: Nueces Bay, 4; Nueces River, 10 miles 
from mouth, 2; Corpus Ghristi 15; Las Mottes, 1. 

General remarks. — Qeomys fallax is a miniature of O, peraonatusy 
both in external appearance and in the general form of the skull. It 
is hardly more than half the bulk and weight of personatusj from which 
it differs further in somewhat darker coloration and in cranial details. 
The geographic range of the typical form is remarkably restricted, 
being limited, so far as known, to the south side of the h>wer Nueces 
Kiver and Bay. 

In his notes on mammals observed in southeastern Texas, Mr.William 
Lloyd states that this species 'Ms abundant in all soils, although it 
prefeis the black loam. On Nueces Bay they burrow in the sand close 
to the water's edge, but are most at hc*ne on the highest point attain- 
able. I have seen an unbroken line of hills extending from 70 to 100 
yards across ])atches of early pease and onions. They cause havoc 
among the sweet potatoes, coming above ground to eat them in the 
daytime. I shot a marsh hawk that was flying off with a gopher which 
had been thus engaged. While driving along the road cats may be 
seen fre(iuently a mile from the house intently watching the gophers' 
holes. The gophers are known to be great pests to fruit and other 
trees; in more than a dozen instances near the bay I have seen the 
huisiichi (Acacia farnesia^ia) leveled by their work in chewing the 
rootlets and digging the earth away from the roots." 

Genns PAPPOGEOMYS * nob. 
(Pl. 11, fig. 1 ; and text figs. 56, 57 and 58.) 
Type Gtomys huUeri Thomas, from Talpa, Mascota, Jalisco. 

Denial characters. — Upper premolar with three enamel plates, the 
posterior absent; m' and m* with two enamel plates eju'h, as in Qeomys. 
Last upi)er molar an imperfectly double prism ; a single sulcus on outer 
side, behind which the crown is narrowed, forming a nuMlerately well- 
defined heel; outer enamel plate bent slightly outward near its anterior 
end. Upper incisor unisulcate, the sulcus median and deep (no trace 
of minor sulcus; see fig. 21^). 

Cranial characters. — Skull small, short, rather smoothly rounded; a 
broad sagittal area (no sagittal crest at any age, pl. 11, fig. 1); zygo- 
mata slender, rather broadly and squarely spreading, without trace of 
angular expansi(m; occii)ut bulging posttniorly; i>alatopterygoids little 



* Pappogeomifs, from TrafTTor, grandfather^ -f- OeomySf in reference to the appa^ept 
Muti^nity of the type. 

7433—1^0. 8—10 
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more than vertical lamelhc, Hlightly everted iuferiorly; orbititl plat«8 of 
frontal neparatetl infi-riorly by full breadth of (M-ibriform plate as iu 
TItomomyv; orbitrtwphenoidabroiMl, articulating flrnily with alisphenoids 
and Bending a tongue upward to nearly fill the upper part of the sphe- 
noidal fissure; mesethmoid u nearly vertical plate much higher than 
lung, its inferior edge dipping down betneeu ^ving8 of vomer posteri- 
orly; endoturbiuals as in Platygeomys, the first sharply triangular and 
the o» planum trimmed cloaely in front of the others. 




External c}mraeterg.~^\7.^ small; pelage soft; form Tkomomine. 

General remarks. — Pappogeomyn holds an interesting position with 
eference to the trunk line of the Geomyida;. In dental characters it 
(jomblnea th« niolartfomi enamel pattern of Geomya with the uuisulcftto 
liudBors of Cmto^wmys and Pht^geomyt} nad ia oritalal oliKHt«n i\ 
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exhibits striking resemblances to both Geomys and Thomomya on the 
one hand, and to Cratogeomys on th6 other. Tlie endoturbinals are not 
widely different from the Oeomytt type, while the orbitosphenoids depart 
entirely from Geomys and surpass Cratogeomys in the extent of their 
development and articulations. They cut off and shorten the sphe- 
noid fosssB, which in Geomys reach forward to the orbital plates of the 
frontal (pi. 17, fig. 3). The shape of the mesethmoid plate is unique. 
The form of the skull as a whole is very lik6 the simpler forms of 
Thomomys and Geomys — as Uxensis and arenarius — and the permanently 
distant orbital plates of the frontal is a decidedly Thomomine character. 
The resemblances to Geomys and Thomomys do not indicate that 
Pappogeomys has descended from either of these genera, but that it 
occupies a place near the trunk line and below the point from which 
they branched off. On the other hand, the resemblances to Cratogeomys 
and Platygeomys are prophetic, indicating a position near the base of 
the great branch that afterward gave rise to these more specialized 
types. 

KEY TO SPECIES OF PAPPOGEOMYS. 

Mastoids siuaU, truncate above bulleri. 

Mastoids large, rounded above albinasus. 

PAPPOGEOMYS BULLERI (Thomas). 

(PI. 11, fig. 1; pi. 13, fig. 15; pi. 14, fig. 11.) 

Geomys bulleri Thomas, Annals and Magazine Nat. Hist., 6 series, Vol. x, August, 1892, 

p. 196. 
Geomys nehoni Merriam, Proc. Biol. Soc., Washington, vii, September 21), 1892, 164-165. 

« 

Type locality. — Near Talpa, west slope of Sierra de Mascota, 
Jalisco, Mexico (altitude, 8,500 feet). Type in Britisli Museum. 

Geographic distribution, — Lower slopes of Sierra Nevada de Golima 
and Sierra de Mascota, Jalisco, Mexico (map 3*). 

General characters.* — Size smallest of the known unisulcat^ species, 
of which it is a generalized type; skull small and smooth, resembling 
Thomomys; tail naked; a naked pad on end of nose, pai^tly inclosed in 
a pale patch. 

Color. — Upper parts rich rusty chestnut; underparts paler. An 
immature but full-grown specimen (Xo. 33585) is dusky in color, and 
one in the molt has the anterior parts chestnut and the post<3rior dusky. 

Cranial characters. — The skull of Pappogeomys bulleri is small and 
smoothly rounded, with broadly distant and rather feeble temporal 
ridges. The maxillary arms of the zygomata stand out at right angles 

• The following description is basetl wholly on specimens from the north slope of 
th^ Sierra Nevada de Jalisco, They are larger than Thomas's type and only speci- 
men of 0, buUerii m^ may prove oubBpecitioall;^ separable; iu wbloh CMe tbe aame 
n$Uoni wlU be AvalUblOi 
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to the axis of the skull ; the zygomata are slender, rather widely spread- 
ing, without trace of expanded angle, and their outer sides are nearly 
parallel (sometimes broader posteriorly than anteriorly). The occiput 
bulges far behind the lambdoid suture and is smoothly rounded (except 
in old males, in which it is less inflated and is marked by a median ver- 
tical ridge). In all of these respects it agrees with the closely related 
P. albinasm and diflers from all other known Mexican species. The 
frontal is broad and rather flat interorbitally; the nasals narrow and 
truncate posteriorly; the ascending branches of the premaxilla short, 
bluntly rounded posteriorly, and barely reiMjhing plane of orbits. The 
pterygoids are parallel lamellie, their inferior edges slightly everted — 
a transition step in the development of the horizontal shelf of Craio- 
geomys from the simple lamella of TiKnnornys. The hamular processes 
articulate directly with the audital bullie. P. buU^l differs from the 
nearly related P. albinmus in smaller size, smaller mastoids (which are 
truncate above instead of rounded), narrower rostrum, narrower and 
longer nasals, narrower ascending branches of premaxilla, and much 
shorter angular process of mandible. 

Dental charaetertt, — Upper incisors narrow, with a single median fur- 
row; molariform series only slightly heavier than in G. texensin; last 
upper molar with a large heel, which equals or exceeds the anterior 
prism in anteroposterior diameter. 

Memurements. — Average of 2 males from north slope of Sierra Nevada 
de Colima, Jalisco (measured in flesh) : Total length, 236 ; tail vertebrae, 
81.5; hind foot, 3,'5. Average of 4 females from same locality: Total 
length, 215.5; tail vertebne, 72.5; hind foot, 30.* 

For cranial measurements see Table F, p. 214. 

Specimens examined, — Six, all from the north slope of the Sierra 
Nevada de Jjilisco, Mexico. 

General remarks, — This species was described almost simultaneously 
by Mr. Ohl field Thomas and myself, but his dascription has priority of 
publication by about a month. Hence his name, bullerij has precedence 
over my nelsoni. Mr. Nelson states that the species " was found only 
in some fields at the upper ranch at the foot of the main north sloi)e of 
the Sierra Nevada de Colima, Jalisco, in the upper border of the lower 
pine belt, at about 0,500 feet altitude, where it was common, and was 
found in company with the large species, Geomys gymnurtisJ^ 

Pappogeomys bulleri greatly resembles the bisulcate Geomys texenaiSj 
from which its dental characters distinguish it at a glance. It is evi- 
dent that both bulleri and texensis have undergone but little modifica- 



* lu my original description of (J. nehoni^ the meiisnrements were taken " from 
dry skin of type [ ^ ], slightly overstiiflfed/' the field measnrement'S not having been 
received (Proc. Biol. Soc, Washington, vii, Sept. 29, 1892, 164.) The measurements 
ns publiHhed won»: Total length, 250; tail vortobrax, 80; hind foot, 30. The fl«sh 
measurements of the same Hpcciineu arc: Total length, 2IM; tail vertebne, 83; bind 
foot, 33. Mr. Tlioinas* moa:itiremouts of his type specimeu of bulleri (m; HeA4 (U)4 
bod^i 135; tail, 63; hiod feet, with claw, 27,6. 



JAN..1W5.) PAPPOGEOMYS ALBINA8US. 149 

tioii since they left the maiu truuk Hue of the group, and that both 
branched off from points not very remote from the place where Tho- 
wamys left the same stock. 

PAPPOGEOMYS ALBINASUS sp. uov. 

Type from Guadalajara, State of Jalisco, Mexico. No. JJiff 9 ad. U. S 
National Masenm, Department of Agriculture collection. Collected at Atema- 
jac, a suburb of Guadalajara, May 21, 1892, by E. W. Nelson (Original No. 2654). 

Geographic distribution. — The plain of Guadalajara; limits of range 
unknown. Mr. Nelson states: "This species occurs very sparingly on 
the open plain about Guadalajara, and diggings of a small gopher, 
probably the same species, were seen near Ahualulco, some 35 miles 
farther west. The range in altitude of these localities lies between 
4,000 and 6,100 feet." 

Oeneral characters, — Size small; naked nasal pad well developed; 
tail naked. Animal similar to P. bulleri of Thomas, but somewhat 
larger ; nasal pad and white patch above it more elongated ; color paler ; 
whiskers finer and less conspicuous. 

Color, — Uniform pale plumbeous above and below, irregularly washed 
with pale chestnut, palest below; a small dark patch around each ear; 
an elongated white patch on nose inclosing nasal pad and reaching 
posteriorly nearly to plane of eyes. 

Cranial characters. — Skull small, smoothly rounded like Thomomys; 
zygomatic arches parallel, slender, angle not expanded; temporal 
impressions widely distant; zygomatic breadth slightly exceeding 
greatest breadth of cranium posteriorly. Skull similar to that of P. 
bullerijhat differing in larger size; much larger mastoids, whicli are 
rounded above insteiul of truncate; broader muzzle; shorter and 
broader nasals; broader ascending branches of premaxilla, and more 
elongated angular processes of mandible. 

Measurements in flesh. — Type specimen 9 ad. Total length, 226; tail 
vertebrae, 68; hind foot, 31. 

For cranial measurements see Table F, p. 214. 

Oeneral remarks. — The only known species requiring comparison with 
1\ albina^us is the related P. bulleri of Thomas, a smaller and much 
more highly colored animal, difiering in the cranial characters above 
pointed out. Future investigations may show that the ranges of the 
two meet, and that the animals intergrade, in which cs^Bealbinas^is will 
become a subspecies of bulleri. 

Unfortunately, only a single specimen of Pappogeoinys albinasus is at 
band. But since its type locality, (ruadalajara, is an attnvctive and 
jiccessible locality. It is probable that a large series of specimens will 
be obtained in the near future. 
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Genus CRATOGEOMYS " Dob. 

(P1.2; pl.l0,fig.5; pi. 12, figs. 1 and 2; pi. 13, figs, 4-8, and 17; pl.l4,fig8.6 and?;, 
pi. 15, tigs. 6 and 9 ; pi. 17, fig. 5 ; pi. 18, fig. 4 ; pi. 19, fig. 6.) 

Type Geomys merriami Thomas, from the Valley of Mrxico (pi. 2). 

Dental charactevH, — Upper premolar with three enamel plates (the pos- 
terior absent), its shaft strongly convex forward; upper and lower pre- 
molars subequal in length. First and second 
upper molars with one enamel plate each (pos- 
terior absent) ; posterior curvature of m' and m* 
and anterior curvature of mi and m^ strong. 

Last upper molar an imperfectly double prism; 
a deep sulcus on outer side; no sulcus on inner 
side; crown of tooth normally broader than 
long, variable in form, usually more or less ob- 
fiami. Crown* of moiari- cordatc or subtnaugular; inner and outer enamel 
form teeth: a. upiier; 6, platcs Variable; inner plate normally at least 
^^^^^' two-thirds as long as anterior plate, obliquely 

transverse, normally covering posterior face of tooth. 

Upper incisor with a single sulcus, median or slightly on inner side, 
and nsuaUy rather open (fig. 21^, 21^, and pi. 15, fig. 9). 

Cranial cJuiracters. — Skull large and massive; zygomata heavy and 
rather broadly spreading ; orbi tosphenoids short and broad, articulating 
with alisphenoids anteriorly; mesethmoid a half crescent, its apex 
pointing to presphenoid; endoturbinals together forming a compact 
plate, strongly convex below, straight above, its anterior border sloping 
strongly backward without any extension of the os planum in fh>nt of 
the folds (pi. 19, fig. G) ; first endoturbinal moderately expanded and 
elongated; second, third, and fourth subequal; vomerine edge of os 
planum curving down below plane of roof of narial passage; floccular 
fossa circumscribed and separated from internal auditory meatus by a 
distinct ridge; ridge separating inner from superior face of petrous 
sharp and incurved, and sometimes rising high posteriorly (pi. 17, fig. 
5, and pi. 18, fig. 4). 

The following additional characters, of more or less weight, are intro- 
duced with special reference to antithesis with Platygeomy8:\ Breadth 
of cranium posteriorly (above mastoids) much less than zygomatic 
breadth ; breadth of occipital plane not more than twice its height; lamb- 
doid crest broadly convex posteriorly; squamosal expansion chiefly 
toward the median line (in C, merriami in advanced age they completely 
cover and conceal the parietals, above which they meet in a median 
crest); mandible longer than broad (including incisors); angular process 



* Cratogeomy8f from Kparocy strong, powerful, -f GeomySj in reference to the great 
size and strength of the animals. 

t Many of the characters already given in the generic diagnosis are also in strong 
contrast to those of Platygeomya. 
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of inaudible short, nearly sessile, truncated externally, and forming a 
slielf comx)letely around the base of the outer side of the incisor knob; 
s<iuamosal arm of zygoma covering nearly or quite two-thirds of jugal, 
which latter fills but a narrow gap in zygomatic arch (except in one 
species, C.fnlvescenSj in which the jugal is abnormally short posteriorly, 
its anterior relations being normal); free part of upper edge of jugal 
half or less than half the length of basioccipital on median line; paroc- 
cipital processes relatively light; incisors heavy in contrast to those 
of Flatygeomys (except in fxdvescens and emtano'ps)] antero-posterior 
diameter of incisors greater than transverse (except infulvescens and 
castanops)', enamel face of lower incisors fonning a conspicuous bead 
on outer side of tooth, behind which the tooth is strongly beveled, the 
transverse diameter being much greater through the enamel face than 
posteriorly (except infulvescens and castanops). 

In Cratogeomys a marked depression extends obliquely across the 
squamosals from the root of the zygoma to the occiput near the median 
line. In the gymnurus series no such depression exist43, but, on the con- 
trary, a distinct bulge or elevation occupies this part of the skull. 

Cratogeomys splits naturally into two sections: The merriami series, 
comprising merriami^ perotensis^ estor, oreocetes, and peregrinus; and the 
castanops series, comprising castanops aud fulvescens. In the merriami 
series the top of the skull seen in profile is a nearly straight line; the 
zygomata are not strongly decurved, and the outer angle is only mod- 
erately expanded. In the castanops series the top of the skull is decid- 
edly convex, the zygomata are strongly decurved, and the outer angle is 
broadly expanded. Numerous other cranial diflerences exist, and it is 
l)robable that the castanops series will be eventually separated, at least 
subgenerically, from Cratogeomys proper. 

KEY TO SPECIES OF CRATOGEOMYS. 

(1) Basioccipital rec/afi|/ti/ar, Ua aides parallel 

Rostram and bruin case long oaatanopa 

Rostram short; brain case broad goldmani 

(2) Basioccipital truncate ivedge-ahaped (sides approximating anteriorly). 
a' Sagittal crest icell developed, 

6' Lower incisor strongly beveled on outer side merriami 

b^ LfOwer incisor not beveled on outer side. 

c' Top of skull strongly convex in profile <w fulresccna 

c^ Top of skull nearly tlat in profile. 

Nasals normal (rather lonji: and narrow) perotetiaia 

Nasals short, narrow posteriorly and broad anteriorly eator 

a' No aagittal creat.* 

Outer face of upper incisor strongly beveled oreocetea 

Outer face of upper incisor not beveled peregrinua 

'The only specimens seen of oreocetea and peregrinua are females; it is possible 
that the old males may have a crest. 
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CRATOGEOMYS MERKIAMI (Thomafi). 

(PI. 2; pi. 10, fig. 5; pi. 13, ii«. 4; pi. 11, iig. 7; pi. 15, tigs. 6 and 9; pi. 17, tig. 5; 

pi. 18, tig. 4; pi. 19, tig. 6). 

Geomjfs merriami Thomas, Annals «&. Magazine Nat. Hist., Ser. 6, Vol. xii, October, 
1893, 271-273. (Type in British Museum.) 

Type from "southern Mexico^ — probably the Valley of Mexico. 

Geographic dUtribution. — South end of Valley of Mexico and adjacent 
mountain slopes from just below the lower edge of the lower pine belt 
up to an altitude of 10,000 or 11,000 feet; east to Atlixco (Puebla), north 
to Irolo (Hidalgo), and west to Lerma, in Toluca Valley (map 4, i). 

General characters, — Size largest of the genus Gratogeomys; tail and 
hind feet moderately haired but not so well covered as in Cfulrescens; 
skull massive; incisors huge. 

Color, — Upper parts dull chestnut brown, mixed witli black -tipped 
hairs, varying to glossy slate black; underparts similar but paler; the 
rusty specimens have a dark patch around and behind each ear, which 
is not apparent in the slate-bhick ones. 

Cranial characters. — Skull largo and massive, the zygomatic arches 
widely spreading anteriorly and rapidly narrowing posteriorly (pi. 2); 
incisor teeth larger and heavier than in any known Mexican si>ecies, not 
excepting Platygeomys gymnuru^; anteroposterior diameter of incisors 
much greater than transverse; lower incisors with a strongly marked 
bevel on the outer side immediately behind the enamel; behind the 
bevel the tooth is abruptly narrower; outer edge of enamel forming a 
conspicuous bead. In adult males the squamosals completely cover the 
parietals and meet in a median crest above the sagittal crest prox)er. 
The mandible of the Lerma skull (No. 50110) is longer and narrower 
across the angular processes than that of specimens from the slopes of 
the Valley of Mexico. Skulls from Irolo dift'er from the tjrpical form of 
the Valley of Mexico in having the mastoids considerably larger and 
fuller posteriorly, occupying more of the occipital plane. The audital 
bullae also are somewhat more swollen. The mastoids do not extend 
out 80 far laterally as in typical merriami; the i)ostpalatal pits are not 
so deep; the coronoid processes of the mandible are more spreading 
(directed more strongly outward), and the heel of the last upper molar 
is shorter. The Irolo skulls agree with typical merriami and differ from 
the Atlixco specimens in having the frontal reach further forward along 
the median line than on the sides. Skulls from Atlixco differ from typi- 
cal merrinmi in the following particulars : The nasals extend further back, 
reaching or passing plane of fronto-maxillary suture; the frontal 
reaches as far forward laterally as on median line (in merriami it reaches 
much further forward on median line) ; as a rule the coronoid processes 
of mandible are lower and more abruptly curved backward, with the 
coronoid notch correspondingly narrower. 

The massiveness of the incisor teeth in true merriami is much more 
extreme than in any of the other species, and is coordinated, as already 
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pointed out, with a mii(*h greater development of the squamosal and of 
the various prominences and ridges for mus(*uhir attachment. 

Variations in pelade, — Cratogeoniyn merriami exhibits both the melau- 
istic and chestnut color phases, and also intermediate pelages. In four 
adult specimens from Tlalpam, three are dark brown, faintly washed 
with fawn color or very pale fulvous; the fourth is bright chestnut or 
reddish-brown on the rump and sides, while the newer hair of the back 
is intimately mixed with blackish. One specimen from Amecamecsi 
has a white spot above the tail, as in the Irolo specimens. 

All of the three specimens from Irolo have an irregular white patch 
at the base of the tail above, and one has a small irregular patch on the 
rump and another on the belly between the hind legs. 

In the Irolo speeimens the tail is less hairy and the hind feet more 
hairy than usual, and the hairs of the hind feet are white. 

One of the eight specimens from Atlixco ha^ the white spot at the 
base of the tail, though not so large as in the Irolo and Las Yigas speci- 
mens. The hind foot is scant haired in the Atlixco specimens, which 
lieculiarity is probably seasonal, since the Atlixco specimens were col- 
lected in July, while those from Irolo were collected in March. The 
trills are less hairy than usual in the Irolo and Atlixco specimens. 

Measurements (taken in flesh). — Average of II males from the south 
end of the Valley of Mexico and a<ljacent slopes ( Amecameca, Tialpam, 
Ajnsco, Salazar, Huitzilac, and Lerma) : Total length, 380 ; tail vertebne, 
112; hind foot, 50. Average of 7 females from same localities: Total 
length, 344; tail vertebrae, 105; hind foot, 46. 

For cranial measurements see Table D, p. 210. 

Specimens examined. — Total number 31, from the following localities: 
State of Mexico, Tialpam, 4; Amecameca, 9; Ajusco, 2; Balazar, 1; 
Lerma, 1; State of Morelos, Huitzilac, 3; State of Hidalgo, Irolo, 3; 
State of Puebla, Atlixco, 8. 

General remarks. — Mr. Nelson states that this large and powerful spe- 
cies is common in the south end of the Valley of Mexico, where it inhabits 
the soft soil of the bordering slopes and ranges on the west, south, and 
east sides of the southern two-thirds of the basin. Owing to the hard 
rock and clayey character of the middle and northern parts of the 
valley it does not occur there. On the west side it ranges up to the 
summit of the Sierra de Las Oruces (where he secured a specimen at an 
altitude of 11,000 feet near Salazar), and thence down the west slope 
into the border of the valley of Toluca, where a specimen was taken at 
Lerma. South of the Valley of Mexico it ranges up over the Sierra de 
Ajusco to an altitude of 10,000 feet, and across to Huitzilac on the 
south slope within the borders of the state of Morelos. On the east 
side of the valley it ascends the basal slopes of Mounts Po])ocatapetl 
and Iztaccihuatl. On the southeast slope of Po))ocatai)etl it occurs at 
Tochimilco and on the adjacent i)lain about Atlixco, Puebla. It was 
also found at Irolo, Hidalgo, at the extreme north end of the Sierra 
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Nevada de Iztaccihuatl. Wherever found in agricultural laud it is very 
destructive to com, wheat, and other crops. 

CRATCKiEOMYS PEROTEN8IS sp. nov. 

(PI. 8, fig. 6.) 

Type from Cofre dk Perotk, Vicra Cruz (altitude 9,500 feet). No. .54299 9 ad. 
U. S. Nat. Museiim, Department of Agriculture coHection. Collected May 28, 
1893, by E. W. Nelson. (Original No., 4889.) 

Oeographie distribution. — Craiogeomys perotenHs inhabits the west 
and higher slopes of the Oofre de Perote, which are wooded, and prob- 
ably descends to the northward to meet the range of 0. estor, Mr. 
Nelson's specimens were obtained at the altitudes of 9,500 and 12,000 
feet (map 4). 

General characters. — Size rather large (smaller than merriami but 
larger than estor) ; no naked nose pa<l ; hind feet and tail rather well 
haired. 

Color. — Upper parts dark russet fulvous, everywhere finely mixed 
with bhick-tipped hairs; a small dusky patch behind each ear; an 
irregular white i)atch at base of tail in some specimens (in eight out of 
thirteen); under parts dark plumbeous, more or less washed with 
fulvous; hind feet usually dark proximally and white distally, but 
sometimes all white (and not always symmetrical on the two feet). Not 
one of the thirteen specimens is in the slaty- plumbeous pelage so com- 
mon in C. inerriami. This species has the tail more hairy than in the 
others of the merriami series, and in a number of specimens it is irregu- 
larly blotched with dusky and white, a peculiarity not observed in any 
other species. 

Cranial characters. — Unfortunately the male of |iero<cn»*« is unknown,* 
all of the thirteen specimens collected by Mr. Nelson on the Cofre de 
Perote being females. The skull of the female, however, furnishes 
excellent characters. It agrees with merriami in general form, in 
having the profile of the top of the skull a nearly straight line (not 
convex as in /u^t7ej?C6M« and castanops) and in having a well developed 
sagittal crest. Whether or not the squamosals completely overlap the 
pariet>al in the adult male, as they do in merriami^ is not known, but 
they probably do. Aside from its much smaller size, the skull of the 9 
perotensis may be distinguished at a glance from that of inerriamij and 
from all other known species of Cratogeomysj by the slenderuess of the 
jugal anteriorly. The jugal is not at all enlarged anteriorly, and is 
deeply mortised into the maxillary arm of the zygoma (see pi. 13, fig. 5)- 



* Unless one of the specimens obtained near Las Vigas (No. 51311) belongs to this 
species instead of estor. It is an immature male, too young to place the identity 
beyond question, but has the characters a young male perotensis would be expected 
to possess. The skull as a whole is larger than the adult female of perotensis (and 
hence considerably larger than estor) ; the rostrum and nasals are longer; the jagal 
is broader anteriorly, and the Sfiuamosals have already crept up over part of the 
parietals and would undoubtedly meet in advanced age. 
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III some iustances the squamosal arm ot* the zygoma reaches so far for- 
ward ami the maxillary arm so far backward that the two nearly meet 
above the jugal. The nasals end on or near the plane of the front of 
the zygoma, and the ascending branches of the premaxilla reach back 
past the plane of the lachrymals, thus leaving a long median projec- 
tion of the frontal between the hinder ends of the premaxillaries. 
Skulls of perotemis may be distinguished from those of iestor (from the 
lower northeast slopes of the same mountain) by larger size, much 
greater length of rostrum and nasals, slenderness of jugal anteriorly, 
greater length of sagittal crest, and by the form of the frontal between 
the orbits, which is broadly rounded instead of flat. 

Measurements (taken in flesh). — Type: Total length 300; tail vertebr® 
79; hind foot 40. 

Average measurements of twelve females from type locality : Total 
length 310; tail vertebrae 88; hind foot 41.5. 

For cranial measurements see Table D, p. 210. 

Specimens examined. — ^Thirfceen, all from Cofre de Perote, Vera Cruz. 

CRATOGEOMYS ESTOR sp. iibv. 

(PI. 8, figs. 4 and 5.) 

Type from Las Vmxs, Vera. Cruz (altitude 8,000 feet). No. 54308 ^ ad. U. S. Nat. 
Museum, Department of Agriculture collection. Collected .June 12, 1893, by E. 
W. Nelson. (Original No. 5005. ) 

Geography distribution. — The pine-covered hills and flats forming 
the extreme northeastern foothills of the Cofre de Perote, and also 
the belt of pine forest connectiug the timber of the mountain with the 
wooded hills of the north. Its range is chiefly east and north of that 
of perotensis. C. estor thus reaches the extreme eastern edge of the 
table-land. Mr. Xelson's specimens were obtained at an altitude of 
about 8,000 feet (map 4, k). 

General characters. — Size medium (smaller than perotensis) ; naked 
nasal pad small or absent; hind feet and tail rather well haired, as in 
perotensis. 

Color. — Upper parts dark russet fulvous, everywhere tinely mixed 
with black- tipped hairs; a small dusky patch behind each ear; an irreg- 
ular white patch at base of tail above (on all ten specimens) and some- 
times one below also ; under parts dark plumbeous, more or less washed 
with fulvous; hairs of hind feet whitish, usually to ankle. Not one of 
the ten specimens is in the melanistic or slaty-plumbeous pelage so 
common in merriami. 

Cranial characters. — Skull similar to that of perotensis in general form 
and profile, the top of the skull a nearly straight line — not strongly 
convex as in fulvescens and castanops. Contrasted vf'xth, perotensis (the 
only species with which it requires comparison) C. eStor difters in the 
following characters: Size smaller ( (^ of estor about equaling 9 of 
perotensis); rostrum much shorter; nasals shorter and broader ante- 



156 NORTH AMERICAN FAUNA. f«o.8. 

riorly; jiifcal broader anteriorly and less deeply einbeded between forks 
of maxillary arm of zygoma; frontal broader interorbitally on top of 
sknll, and tiat instead of broadly rounded; sagittal crest shorter ante, 
riorly and perhaps not present in the female. The female with distant 
temporal impressions (No. 54306) figured on pi. 8, fig. 4, is not fully 
adult; in advanced age the sagittal area is probably nearly or quite 
obliterated by union of the temporal ridges. 

Measurements (taken in flesh). — Tyjye ( S ad.): Total length 315; tail 
vertebrre 94; hind foot 41. 

Average measurements of four males from type locality: Total length 
313; tail vertebne 89; hind foot 42. 

Average measurements of four females from same place: Total 
length 277; tail vertebra? 75; hind foot 37. 

For cranial measurements see Table D, p. 210. 

Specimens examined, — Ten, all from Las Vigas, Vera Cruz. 

General retnarks. — 0. estor resembles 0. perot^nsis so closely in color 
and external characters that the two are practically indistingaishable 
except in sizOy estor being decidedly the smaller. In cranial characters, 
however, they are quite distinct, as pointed out above. 

Mr. Nelson states that wherever the pine forests are cleared away 
and the ground cultivated within the range of this species, the animal 
nniltiplies rapidly and becomes exceedingly destructive to crops. 

CRATOGEOMYS OREOCETES sp. nov. 

(PI. 8, figs. 1 and 2.) 

Typo from Mount Popocatapetl, Mexico (altitude, 11,000 feet). No. 57963 9 yg. 
.id. IT. S. Niitional Museum, Department of A)p*ioalture collection. Collected 
January 7, 1894, by E. W. Nelson and E. A. Goldman. (Original No. 47.) 

Oeographic distribution.'^The boreal higher slopes of Mount Popo- 
catapetl, above the range of Cratogeomys merriami (abo/e 11,000 feet 
altitude.) 

General characters, — Incisor sulcus broadly open and wholly on inner 
side; size rather large; pelage soft; nasal pad small; hind feet and tail 
sparsely haired. 

Color (of type si)ecimen). — Dusky, darkest on head and along median 
part of back; tips of hairs washed with pale brown ; a golden brown 
patch under each eye; forefeet dusky; hind feet white. Apparently 
the specimen is jiist beginning the change from the plumbeous to the 
brown pelage. 

Cranial characters. — Zygomatic arches narrow, their sides nearly par- 
allel; anterior angle moderately expanded (about as in Heterogeomys 
hispidus); temi^orai ridges strongly developed; nasals wedge-shaped, 
not inflated anteriorly, ending po.steriorly in front of plane of anterior 
fiiee of zygoma; ascending branches of premaxiila just reaching plane 
of orbit, not divaricating behind nasals; frontal flat (orbital edge 
rounded), rather broad interorbitally and posteriorly, reaching forward 
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between premaxillaB much further than laterally; supraorbital promi- 
nences not strongly developed; temporal ridges anterior to interpari- 
etal straight, inclosing an elongated wedge-shaped interspace (but very 
different from the interspace between the strongly curved ridges of 
H, hiitpidus); interparietal elongated antero posteriorly, very much 
longer than broad; jugal long and large, forming an important part of 
arch; lambdoid crest strongly and evenly convex posteriorly; occipital 
plane flat, sloping slightly forward from below upward ; posterior ends 
of palatals excavated laterally; pterygoids narrow lingulie with parallel 
sides, as in C merriami; audital bullje relatively short and swollen, 
more subglobular than in H, hispidus; brain case rising abruptly from 
posterior roots of zygomata, much as in hispidus (not flatly rounded as 
in the merriami group and in peregrinus). Under jaw short and rather 
narrow, as in hispidus; angular processes short. 

Dental cliara^iters. — Face of upper incisors unisulcate, the groove 
wholly on inner side and broadly open, as in merriami — not narrow and 
deep as in H. hispidus and 3f. lieterodtts; breadtli of enamel face of upper 
incisor slightly greater than anteroposterior diameter of tooth; outer 
side of tooth strongly beveled immediately behind enamel, as in the 
lower incisor of merriami. Lower incisor narrow, the transverse diame- 
ter less than the antero- posterior. Crown of last upi)er molar much 
broader than long; no distinct heel; the inner side convex, the outer 
side emarginate and longer. The curvature of the prism of this tooth 
is much less than in the merriami series and less than in H, hispidus. 

The premolar is the longest tooth and is slightly convex anteriorly; 
ni' and m* are hardly shorter and are subequal (or m* maybe slightly 
the shorter); both are strongly (convex anteriorly; m' is more than 
two-thirds the length of m* and is only moderately convex anteriorly. 

^feasurements {taken in ^esh). — Type specimen: Total length, 318; 
tail vertebrae, 92; hind foot, 43. 

For cranial measurements see Table D, p. 211. 

Oeneral remarks. — Cretogeomys oreocetes does not require close com 
parison with any known species. From its nearest neighbor of the 
lower slopes of the same mountain (C. merriami) it differs conspicuously 
in smaller size, narrower zygomata, shorter and more globular audital 
bullae, and in the presence of strongly developed temporal ridges. 

From C. peregrinus^ which inhabits the corresponding boreal slopes 
of the neighboring mountain, the lofty Iztaccihuatl, it may be distin- 
guished by its narrower and higher cranium, by the beveled outer face 
of the upper incisor, the convex (instead of notched) inner border of 
crown of last upper molar, and other characters mentioned under that 
species. 

The measurements of the skull of G. oreocetes (see table D) show that 
the posterior breadth of the cranium is nearly equal to the zygomatic 
breadth. This is due to the narrowness of the zygomatic archcQ — wot 

to ftuy uwusufvl tor^^tU of the cranium posteriorly, 
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CKATOGEOMYS PEREGRINUS sp. iiov. 

(PI. 8, fig. 3.) 

Typo from Mount Iztaccihiatl, Mexico (altitudo 11,500 foet). No. 57964 9 old. 
U. S. National Museimi, Department of Agriculture collection. Collecte<l Jan- 
uary 9, 1894, by E. W. Nelson and E. A. Goldman. (Original No. 50.) 

Geographic dMribution. — The boreal higher slopes of Mount Iztacci- 
hiiatl, above the range of Gratogeomys nierriami (above 11,500 feet alti- 
tude). 

General characters. — Size uiediuni or rather large; hind foot and tail 
scant haired; nasal pad small; forefoot large (with claws nearly equal' 
iiig hind foot with claws). Color peculiar. 

Color (of tyi>e and only specimen). — Steel gray from the intimate 
adniixtiire of dusky and whitish hairs; under parts paler than upper; 
thi'oat, sides ot face, and fore feet darker. The hairs of the hind foot 
are whitish ; of the tail dusky. 

Cranial characters, — The skull of the type, a very old female, has the 
posterior part of the cranium very flat and broad, and the zygomata 
broad and bowed outward, suggesting Platygeomys fumosus. In other 
respects the resemblances are more in the direction of Cratogeomys 
merriamij with a few characters pointing toward Heterogeomys. The 
zygomatic arches are widely spreading, not divergent anteriorly but 
broadest across the middle (breadth anteriorly slightly less than great- 
est breadth of squamosals posteriorly) ; the anterior roots stand out at 
nearly a right angle; the antero-external angle is moderately expanded 
and sharply angular when seen from the side; rounded as seen from 
above. The jugal is rather large and forms an important part of the 
arch as in 0. merriami. The muzzle and nasals are short, the latter 
broad anteriorly and truncated posteriorly about on the plane of the 
anterior face of the zygomata. The ascending branches of the premax- 
ilia are broad and blunt posteriorly, barely reach the plane of the 
orbits, and do not approximate or divaricate behind the nasals. The 
frontal reaches furthest forward along the median line; the suture at 
base of maxillary root of zygoma (on top of skull) is nearly a straight 
line. There is no sagittal crest, but the temporal ridges approximate 
immediately in front of the interparietal, from which point they divar- 
icate in both directions; anteriorly they slope slightly outward in nearly 
a straight line to a i)oint about opposite the posterior part of the post- 
orbital prominences of the frontal where they become less distinct 
and curve abruptly outward. The interspace is an elongated wedge, 
as in C, oreocetsSj and is not depressed below the level of the temporal 
ridges, a result perhaps of the extreme age of the animal. In shape 
it differs widely from that of the genus Heterogeomys, The great 
breadth of the cranium i)osteriorly is due to lateral expansion of the 
squamosals, as \\\ Platygeomys, The greatest breath (^rosa aqua- 

uioHala (over mastoids) is slightly greater than tbe zygomatio breadth 
auteriorlyi The laterparietal U not covered by tbe panetAli Md ia 



JAN.iSftVi CRATOGEOMYS CA8TAN0PS 159 

elongated aiitero-posteriorly. The piaue of the occiput is moderately 
smooth and slopes forward; it is low and broad, the breadth being 
about two-and-a-half times the height. The mastoid bullae are much as 
in merriamij except that the inferior border is shorter and the inner side 
is armed with a short blunt spine projecting inward and slightly back- 
ward. (This may be abnormal, but the points are symmetrical on the 
two sides.) The audital bulhe are rather short and tumid (much as in 
oreocetes) and the anterior projection which abuts against the basi- 
sphenoid is sharply set off by a deep notch on the upper side. The palato- 
pterygoids are Ungulate, slightly broader than in merriami, the sides 
nearly parallel; mandible short and narrow, resembling that of oreo- 
ceteSy from which it differs in having the angular processes even shorter 
and the coronoids more hooked. 

Dentul chara<it^r8. — Upper incisors with a single very broiul and open 
groove (broader even than in oreocetes)^ its deepest point on the inner 
side of the median line; breadth of enamel face greater than antero- 
posterior diameter of tooth. Lower incisors narrow, the breadth of the 
enamel face being considerably less than the anteroposterior diameter 
of tooth. Crown of last upper molar not distinctly heeled, its inner 
border about half the length of outer and deeply notched; outer side 
broadly concave. 

Measurements (taken in flesh). — Type specimen : Total length, 304; tail 
vertebrae, 87 ; hind foot, 42. 

For cranial measurements see Table D, p. 211. 

CRATOGEOMYS CASTANOPS (Buird). 
(PI. 12, fig. 1; \A. 13, fig. 17; pi. 14, fig. 6.) 

P8€udo9toma ca8tauop$ Baird, Report Stausbnry^s Exp'd. to Great Salt Lake, June 
1852, 313. (Type from near Bents Fort, Colorado.) 

Geomys castanops Baird, Mammals of North America, 1857, 381-386. 

Geomys clarkii Baird, Pror,. Acad. Nat. Sci., Phila., vii, 1855, 332. (Type from Pre- 
sidio Del Norte, on the Kio Grande, Chihuahua, Mexico.) 

Type locality: "Prairie road to Bents Fort," near the present town 
of Las Animas, Colobado, on the Arkansas River. (Type in U. S. 
National Museum.) 

Geographic distribution, — Isolated areas on the Great Plains from 
the Arkansas River in Colorado, southward through eastern New Mex- 
ico (west to Albuquerque), and western Texas to Santa Rosalia, Chi- 
huahua, and Jaral, Coahuila (map 4, h). 

General characters. — Size, medium; coloration, yellowish-brown ; tail 
of medium length; rather scant haired. 

Color. — Upper parts yellowish brown or .bnfify ochraceous tinged with 
yellowish, more or less mixed with blai^k- tipped hairs, which are much 
more numerous m winter pelage; under parts buffy. 

Cranial character 8, ^SkiiM very broad and heavy j zygomatic lurches 

widely Bpreadlug anteriorly and etrougly decurvedj profile of skull 
ooAVM on topi end of maxillary root of eygoma greatly ezpaudedy 
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formini^ a broad plate, into which the enlarged head of the jugal is 
received; sides of hasioecqntal parallel. C, castanops differs from C 
fulvescens in having the basioccipital narrow, its sides excavated and 
parallel ; the nasals and nasal branches of the premaxilla more produced 
posteriorly; the latter cutting the plane of the orbits, and in lacking 
the thickened sockets of the upi)er incisors. 

Measurements (taken in Hesh.) — An adult male from Las Animas, 
Colorado (practically type locality): Total length, 295; tail vertebrae, 
05; hind foot, 37. 

Average of 3 females from same locality: Total length, 256; tail 
vertebra*, 77; hind foot, 33. 

For cranial measurements see Table D, p. 211. 

Specimens examined. — Total number 43, from the following localities: 
Olney, Colorado, 2; Las Animas, Colorado (type locality), 6; Chico 
Springs, New Mexico, 2; Albuquerque, New Mexico, 3; Eddy, New 
Mexico, 3 ; Sierra Blanca, Texas, 1 ; Marfa, Texas, 3 ; Eagle Pass, Texas, 
13; Samalayuca, Chihuahuii, Mexico, 2; Gallego, Chihuahua, Mexico, 2; 
Santa Rosalia, Chihuahua, Mexico, 4; and Jaral, Coahuila, Mexico, 5. 

General remarks. — Coues has already shown that clarlcii ciin not be 
distinguished from ca^anopsj and the examination of a much hurger 
series than heretofore available confirms this determination. The 
peculiar line of denfi<irkation in the type specimen* described by Baird 
as separating the color of the head and neck from that of the rest of 
the upper parts, is now well known as the molt line (which progresses 
from before bjickward) ; and the alleged differences in the feet and skull 
donot hold good in the ample series (forty-three si>ecimens) now at hand. 
The species presents considerable geographic variation in size (mostly 
sporadic), as usual in members of the family having an extensive range. 
The only notable departure from the type observed in the present series 
is in two specimens from Chico Springs, N. Mex. These specimens are 
smaller than the type form, brighter and more * yellowish-chestnut' 
in color, and the fore feet, hind feet, and tail are distinctly blackish. 
The tail furthermore is well covered with hair for its entire length. 

Mr. Vernon Bailey tells me that Cratogeomysca^tnnops is 9, very iujvL- 
rious species to orchards and nurseries. Ahmg* Onion Creek, 30 miles 
southwest of Marfa, in Presidio County, Texas, he found them eating 
the roots of fruit trees where *'two or three soon spoil an orchard if 
left in it; the owners did not know how to get rid of them.^ 

CRATOGEOMYS CASTANOPS GOLDMANI subsii. nov. 

Type from Ca55ita8. Zaoatbcas, Mkxico. No. 57965 9 yg. ad. I'. S. National Museunii 
Dopartmeut of Agriculture collection. Collected December 24, 1893, by E. A. 
Goldman. ^Original No. 286.) 

*The type Hpecimcn, formerly m tho Patent Office, is now in the National Museum, 
but id in vory poor condition, having been exposed to the hgUt for nearly forty years^ 
At A rwnU of whioh it is so faded that uo traoe of the original OQ)or r^piams. 
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Qeneral characters. — Similar to C. castanops iu size aud external 
appearance, but differiug in crauial characters. Tail aud hind feet 
"ather well haired for a Pociket Goi)her. 

Color. — Upper parts dull buffy-ochraceous, moderately mixed with 
l)hM*k-tipped hairs; under ])arts paler. 

Cranial characters. — Unfortunately all of the five specimens at hand 
of this form are females. Compared with females of C. caatanopH the 
skulls differ in being broader, shorter, and flatter, with less decurved 
zyg<miata, and decidedly shorter aud broader nasal bones. The short- 
ening is chiefly in the rostrum; the broadening chiefly in the brjiin 
case. The i)asioccii)ital averages longer and somewhat larger jind its 
sides are less truly parallel, being a little broader posteriorly than 
anteriorly. The plane of the occiput is narrow and much elongated 
transversely. The coronoid process of the mandible is long, dein*essed, 
and reaches far back. 

Measurement.s (taken in flesh). — Type: Total length, 270; tail verte- 
bra^ 90; hind foot, 35. 

Average in<»asurements of three females from type locality: Total 
length, 257; tail vertebra*, 83; hind foot, 34.3. 

For cranial measurements see Table 1), p. 211. 

Specimem examined. — Total number 5, all from Ganitas, Zaeatecas. 

CRATOGEOMYS FULVESCENS sp. nov. 

(PI. 12, !i«. 2.) 

Type from CHAU'nicoMn.A, Statk (►f Pukhla, Mkxico. No. 58168 ^ a<l. U. S. 
National MiiHeum, De])artuieiit of Aj^ricultiire colhiotioii. CoUectod Jaunary 
15, 18J)4, by E. W. Nelboii and Vj. A. (loldniau. (Orijf^inal No. 5(>51.) 

Geographir distrihttfiou. — The bnsin-like plain of eastern Puebla, 
Mexico, from Esperanza north to Perote and west to the northeast 
base of Mount Malinche in Tlaxcala (map 4, J). 

General characters. — Upper incisors unisulcate; forefeet shorter than 
hind feet. Similar in general appearance to C. castanops, but larger; 
color darker; tail rather longer, darker, an<l slightly more hairy. 

Color. — Upper parts grizzled yellowish brown, liberally mixed with 
dark-tipped hairs; under i)art8 buifv -fuh^ous or ochraceoiisbuff. Com- 
pared with ca^tanopn the general color is darker, owing to more bounti- 
ful admixture of dark tipped hairs. 

Cranial characters. — Skull rather massive; zygomata squarely 8i>read- 
ing, angles broadly expanded; alveoli of upper incisors thickened; 
profile of top of skull very convex; rostrum decurved anteriorly. 

The fronto-maxillary suture is pe<».uliar, its anterior end usually 
reaching or nearly reaching the plane of the front of the zygoma — in 
all the allied species the frontal ends about opposite the middle of the 
anterior root of the zygoma. 
7433— No. 8 — ^11 
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The height of the roof of the cranium above the palate, and of the 
brain case above the posterior roots of the zygomata, are much greater 
than in any other member of the genus, and the breadth of the skull 
posteriorly is much less. 

Contrasted with C. castanops the skull of fulvescens differs in the fol- 
lowing particulars: size larger; rostrum broader; sockets of upper 
incisors thicker, bulging externally; nasals and ascending branches of 
premaxilla shorter posteriorly, the former hardly reaching plane of 
front of zygoma, the latter not reaching plane of orbits; basioccipital 
much broader and wedge-shaped, as usual in the genus (in castanopt 
the basioccipital is narrower and its sides are parallel, see pi. 12, figs. 1* 
and 2»). 

Measurements (taken in flesh). — Type specimen ( <J ) : Total length, 
318; tail vertebr*, 102; hind fiK)t, 43.5. 

Average of three males from type locality : Total length, 327 ; tail ver- 
tebra?, 105; hind foot, 43. 

Average of six females from tyi)e locality : Total length, 302; tail ver- 
tebra?, 97; hind foot, 39.0. 

For cranial measurements see Table D, p. 211. 

Spechnenft examined. — Total number 11, from the following localities: 
Chalchicomula, Puebla, 9; Perote, Vera Cruz, 2. 

General remarlc^. — C. fulv€8C(ms does not require close comparison 
with any known species except C. ea^stanopSj which it resembles in the 
grizzled yellowish-brown color of its upper parts. It is more fulvous 
than ca^stanopsj from which it differs further in larger size and in the 
cranial characters above pointed out. Specimens from Perote are more 
--ellowish and less fulvous than those from Chalchicomula. 

Mr. Nelson stat<3s that this species inhabits the sandy open plain from 
an altitude of 8,000 feet in the lower parts of the basin up to 9,000 feet 
on the west slope of Mount Orizaba. He states further: "In this dis- 
trict its range is almost identical with that of Dipodomys phUlipsi. 
Like the latter sp<»eies it follows uj) the cultivated land into the lower 
border of the pine forest on Mount Orizaba, and is common also about the 
northeast base of Mount Malinche. These gophers are particularly 
numerous in cultivated ground, and are very destructive to e^rn and 
grain of all kinds.'' 

Genus rLATYGP:OMYS ' nob. 

(PI. 3; pi. 10, tig. 8; pi. 13, tigs. 1-3; pi. 14, tig. 9; pi. 15, tig. 7; pi. 17, fig. 4; pi. IS, 

fig. 5; pi. 19, tig. 7.) 

Type Geomys gymnnrus Merriam, from Zapotlan, Jalisco, Mexico. 

Dental characters. — Upper premolar with three enamel plates (the 
posterior absent), its shaft nearly straight. First and second upper 
molars with one enamel plate each (posterior absent). 

* PlatygcomySy frf>iii TAari'<, hroad, wide, -\- Gcomys, with reference to the great 
breadth of the craDiam. 
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Third upper molar an incomplete double prism, the outer side abruptly 
narrowed behind the anterior prism; Jixis of heel anteroposterior; 
inner enamel plate normally less than two-thirds as long as anterior 
idate; not coverinp: posterior facie of tooth; outer plate normally as long 
as inner and usually reaching posterior edge of heel. 

Upi)er incisor strongly unisulcatej the sulcus median or slightly on 
inner side (fig. 21'). 

Cranial characters, — Skull large, heavy, and flat; hinder part of 
cranium extraordinarily broad and flat, the great breadth due chiefly to 
lateral expansion of the squamosals, which not only project as a thin 
shelf beyond the brain case, increasing the size of the glenoid fossa 
both anteriorly and posteriorly, but also completely arch over and 
conceal the postglenoid notch, curving with only a shallow con- 
cavity from the posterior angle of the zygomatic arch to and beyond 
the extreme tip of the transversely elongated mastoid; zygomatic 
arches massive, broadly spreading anteriorly, the antero-external angle 
expanded vertically into a triangular plate between the strongly pro- 
duced and decurved external angle and the evenly rounded orbit (the 
resulting plate made up in part of the distal end of the maxillary arm 
of the arch, and in part of the anterior end of the jugal, which is 
usually expanded); jugal normally large and broad, forming an impor- 
tant part of the arch; pterygoids vertical lamelhe with inferior border 
everted; orbitosphenoids larger than in Cratogeomys but not normally 
articulating with alisphenoid; mesethmoid a little more than a half 
crescent, it^ anterior border strongly rounded above (pi. 18, fig. 5); 
endoturbinjils together forming an elongated oblique plate which is 
sharply jwinted antero-superiorly, owing to the elongation of the upper 
endoturbinals (pi. 19, fig. 7) : no extension of os planum in front of lower 
endoturbinals and no curving down of vomerine edge of os planum 
below plane of roof of narial passage; floccular fossa ill defined and not 
separated from internal auditory meatus by a distinct ridge; ridge 
separating superior from inner surface of petrous only feebly developed 
(pi. 17, fig. 4; and pi. 18, fi^. 5). 

In addition to the above-described generic characters, most of which 
are in strong contrast to those of Cratogeomys^ the following i)oints are 
selected with special reference to antithesis with CratogeomyH (which 
see): Breadth of cranium posteriorly (above mastoids) equal to or 
greater than gre^tc^st zyg(nnatic breadth; breadth of occipital plane at 
least two and a half times its height; lambdoid crest sinuous, presenting 
three posterior concavities; squamosal expansion chiefly away from 
median line — not covering inner part of parietals; mjindible very much 
broader than long* (including incisors) ; angular processes of mandible 



* The extraorrlinary breadth of the mandible across the angular processes is not dne 
alone to the great length of these processes, but in part to their position. They 
are higher and more nearly on a level with the incisor protuberauoe than in any 
other form, and the jaw as a whole is flatter. 
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extraordinarily long and spreading, reaching out so far laterally that 
the knob over root of incisor is midway between condyle and end of 
angular process fpl. 3); squamosal arm of zygoma covering about half 
(in famosm more than half) of upper edge pf jugal, which latter enters 
broadly into formation of zygomatic arch; free i)art of upi>er edge 
of jugal equal to length of basioccipital on median line (except ni 
fumosus); paroccipital processes large and expanded, forming recurved 
flanges; incisors slender in contrast to those of the mernami series; 
anteroposterior and transverse diameters of incisors subequal ; enamel 
face of lower incisors forming an inconspicuous bead on outer side of 
tooth, behind which the tooth is not beveled, the transverse diameter 
through the enamel face being inapi)reciably greater than posteriorly. 

KEY TO SPECIES OF PLATYGEOMYS. 

1" Zygomatic arches parallel or hoived outward in the middle fumosut. 

1^ Zifgomatic arvhea strongly divergtnt anteriorly: 

Jugiil only Mlij^litly expanded auterior^' planiceps. 

Jugal broadly expanded anteriorly: 

Nasals strongly we<lge-»liaped; narrow posteriorly; reaching 

plane of zygoma gifmnttrms. 

Nasals not wedge-shaped; broad posteriorly; not reaching 

plane ol zygoma iylorkinus 

PLATYGEOMYS GYMNlJlirS Merriam. 

(PI. 3; pi. 10, tig. 8; pi. 13, fig. 2; pi. 15, fig. 7; pi. 17, fig. 4; pi. 18, fig. 5; pi. 19, fig. 7) 

Geomys gymnurm Merriam, Proc. JUol. Soc. Washington, vii, Sept. 29, 1892, 166-167. 

Type locality. — Zapotlan, Jalisco, Mexico. (Type in U. S.Natioual 
Miisenm.) 

(h'Of/raphic distribution. — Valley of Zapotlan and adjacent sloi>es of 
the Sierra Nevada de Colinia, Jaliseo, an<l the volcano of Colinia down 
to the upper ed^e of the plain of Colima, Mexico. 

General characters. — Size very lar^e; a naked i)ad on end of nose; 
tail naked; feet sparsely haired; hinder part of cranium extraordina. 
rily broad. 

Color. — Upper i)arts dark reddish brown or chestnut, varying to sooty 
plumbeous or slate-black, sli^j^htly i)aler below. The rusty spei^imens 
have a dusky [)atch about each ear and a larger one on the nose. The 
dei)th of the chestnut seems to increase with the age of the hair, speci- 
mens in the molt having the new hair very dark and only washed on 
the tips with chestnut. The hairs of the hind feet are scattered and 
nearly colorless. Tln^ young are glossy slate-black, with the sides and 
rump conspicuously sprinkled with whitish bristles. 

Cranial characters. — The skull of Platygeomys gymnurm differs from 
all others of the family (except the related P. tylorhimis and planiceps 
here described) in the extraordinary breadth and flatness of the hinder 
pai*t of the brain case, the result of lateral expansion of the squa- 
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mosals, which completely arch over and conceal the postp:leiioi(i iiot<;h, 
curving with a shallow cou(;avity from the [)osterior angle of the zygo- 
matic arch to the extreme tips of the transverely elongated mastoids, 
which they overreach. The breadth of the cranium here eciuals or 
exceeds the greatest zygomatic breadth. Correlated with this unpre 
ceden ted breadth of the posterior part of the cranium is an even more 
extreme lateral extension of the angular processes of the mandible. 
The zygomatic arches are widely s])reading anteriorly, with broadly 
expan<le<l subtriangular outer angles. The jugals are large, broadly 
expanded anteriorly, enter largely int^) the outer wall of the orbitaf 
fossa, and, as a rule, terminate anteriorly in a straight edge, which 
articulates with the lower third of the ascending or maxillary arm of 
the zygoma without being mortised into it as usual in the group; 
still the front of the jugal rests on a strong shelf of the maxillary 
arm, and is commonly overtopped by a short spicule. The exposed 
part of the upper edge of the jugal forming part of the outer wall of 
the orbital fossa is usually, though not alwjiys, ns long as the ba«i- 
occipital (on median line), jind as a rule the posterior half of the jugal is 
overlapped by the scjuamosal arm of the zygoma. The fronto-raaxillary 
suture is straight or slightly eonvex outward, while its continuation as 
the premaxillo maxillary suture (on toj) of the skull) is strongly con- 
cave inward, the result being that the suture at the bai^o of the maxil- 
lary arm of the zygoma, taken as a whole, is shaped like the letter S 
somewhat drawn out. In tijlorhinuH and ^/«H/c<yM it is broadly and 
uniformly convex inward. The nasals end posteriorly on or a little 
behind the ant-erior plane of the zygoma, and are strongly wedge- 
shaped and much narrower posteriorly than in iylorhiniis. The nasal 
branches of the premaxilla may or may not reach the phme of the 
orbits; they ai)proximate slightly behind the nasals. 

The occipital plane is exceedingly broken and irregular; the lamb- 
doid crest overhangs it as a sinuous ledge throughout its entire 
length; the greatly enlarged paroccipital processes stand out like 
broad flanges from the exoccipitals, projecting strongly outward and 
backward, forming, in conjunction with the middle part of the lamb- 
doid crest, a remarkable basin-shaped inclosure, outside of which, and 
far anterior to the great i)aroccipital flanges, are the transversely- 
elongated mastoids (pi. 15, fi^i^. 7). In striking contrast is the smoothly 
planed- off' occiput of Hatenxjeomys hisphliis {\)\, 15, fig. 4). 

The shape of the lambdoid crest is peculiar; it is deeply sinuous, 
with three concavities directed foiward (of whi<*h the median is deep, 
the lateral shallow), and two strong convexities directed backward; 
at each end it terminates in a club-shaped knob directed outward. 
Looking at the skull from above there is nothing to indicate the 
limits of the brain case, the broad squamosals being convex upward 
behind the zygomata, without trace of the lateral depression that 
marks otf the brain case in Cratoffeomys and most other members of 
I the family. 
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Measurements (taken in flesh). — Average of three males from type 
locality (Zapotlan, Mexico): Total length, 3o2.6; tail vertebra*, 105.3; 
hind foot, 53.3. Average of three females from same place: Total 
length, 341; tail vertebra*, 91; hind foot, 40.6. 

For cranial measurements see Table E, p. 212. 

Specimens examined. — Total number, 10, from the following localities 
in Jalisco, Mexico: Zapotlan, 7; Sierra Nevada de Golima, 3. 

General remarks. — iVatygeomys gymnurus may be regarded as the 
Jbype (for it is the largest and most extreme in cranial peculiarities) of 
a remarkable series of Pocket Gophers inhabiting southern Mexico 
from the Sierra Nevada de Oolima of Jalisco eastward to the north 
slope of the Volcan Tohica in the State of Mexico, and Tula in 
Hidalgo. Externally these animals difl'er so little from the larger spe- 
cies of Cratogeomys as to be distinguished with difficulty, but in cranial 
charficters they may be told at a glance. The number of recognizable 
forms now known is four, of which one (fumosus) is very distinct from 
the others; the remaining three are closely related {gymnurus^ tylo- 
rhinns^ and planiceps) and two of them {tyhrhiniis and pluniceps) may 
be found to intergrade when specimens are obtained from intermediate 
localities along the line of their distribution, in which event the latter 
must be reduced to subs[)ecific rank. Still another form that might 
be deemed worthy of separation is the Patzcuaro animal mentioned 
under the head of P. tylorhinus. 

All the members of the gymnurus series have the npi)er parts more 
or less plentifully sprinkled with long, slender, bristle-like hairs which 
protrude far beyond the ordinary fur. In fumosus these hairs are very 
conspicuous, owing to the marked contrast of their whitish color with 
the bliU'kish-slate of the body; the same is true of the young in gym- 
nurvsj but in the adult they harmonize so well with the prevailing 
reddish-brown or chestnut tints that they may be easily overlooked. 
They are most abundant in the Patzcuaro specimens of tylorhinus. 

Mr. Nelson states that the range of Platygeomys gymnuruSy so far as 
determined by him, is limited to the valley of Zapotlan and slopes of 
the Sierra Nevada de Colima and base of the adjacent volcano of Colima, 
and the immediate vicinity. On the north slope of the Sierra Nevada 
de Colima he found them up to an altitude of 11,000 feet, among the firs 
and alders, where a specimen was secured. Thence to the base of the 
mountain they are rather common on open grassy slopes, and range 
out over all of the adjacent valley of Zapotlan. In this latter district 
they were usually found in fields, where they do much damage to corn 
and wheat. Zapotlan Valley has an altitude of about 4,500 feet, and 
is an open basin-like plain just below the pines and oaks of the moun- 
tiiins. On the extreme upper border of the plain of Colima, near the 
southwest base of the volcano, at an altitude of about 3,500 feet, he 
saw numerous diggings of a gopher, which was probably this species. 
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PLATYGEOMYS TYLORHINUS sp. nov. 

' (PI. 13, fig. 1.) 

Tifpe from Tula, Hidalgo, Mexico. No. 51883 <? ad. U. S. National Mnseam, Depai*t- 
ment of Agricnlture collection. Collected March 13, 1893, by E. W. Nelson. 
(Original No. 4442.) 

Geographic distribution. — Tula, Hidalgo, and thence southwesterly 
along the north slope of the Sierra Madre to the vicinity of Patzcuaro, 
Michoacan. 

General characters. — Size, large; tail nearly naked; a naked pad on 
end of nose; coloration dark. Similar to P. gymnuruSj but smaller, 
with shorter and more hairy hind feet, which are distinctly white in 
contrast to dark of ankles and legs ; skull remarkably broad and flat, 
as in P. gymnunis^ but lighter and diftering further in important 
characters. 

Color. — Upper parts chestnut or liver-brown, as in Geomys bursarlus; 
under parts similar but slightly paler, the plumbeous showing through 
in phices; legs and ankles concolor with body; hind feet white in 
contrast. 

Cranial characters. — Skulls of P. tylorhimts differ from those of 
P. gymnurus in smaller size, narrower rostrum, and shorter nasals, 
which do not reach i)lane of zygomatic arches. The most conspicuous 
difference is in the shape of the nasals: instead of being wedge-shaped, 
as in gymnurus^ they are much broader posteriorly and abruptly 
truncated behind, and the i)remaxilhe do not approximate behind 
them. The skull as a whole is much less massive and the maxillary 
arm of the zygoma less thickened than in gymnurus. The jugal is 
enlarged throughout and expanded anteriorly into a broad plate which 
abuts against the sides of the maxillary part of the zygomatic arch, 
which latter is hardly excavated to receive it, sending out a small shelf 
below and a short spicule above, much as in gymnurus. The suture 
at the base of maxillary root of zygoma is bro^idly convex inward; in 
gymnurus it is shaped like a drawn-out S. As usual, the skull of the 
female is much smaller than that of the male, and the jugal is narrower. 

Jlfeo^ureiitenfA (taken in flesh). — Type specimen, ^ ad. : Total length, 
345; tail vertebrje, 100; hind foot, 45. Average of two 9 specimens 
from type locality: Total length, 298; tail vertebrae, 91.5; hind foot, 
39.5. 

For cranial measurements see Table E, p. 212. 

Specimens examined. — Total number 9, from the following localities 
in Mexico: Tula, in Hidalgo, 4; Patzcuaro, in Michoacan, 5. 

General remarks. — Si)ecimeiis from Patzcuaro, State of Michoacan, 
are intermediate in size and form of nasals between gymnurus and tyi)i- 
cal tylorhinus from Tula, but exceed the latter in the expansion of the 
jugal and whiteness of the hind feet. The hind feet are more hairy, 
and the ankles are dark plumbeous instead of chestnut, causing the 
white to stand out in stronger contrast. Skulls of the Patzcuaro 
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auimal (litter further from those from Tula in having smaller aud shorter 
pterygoi<l Jamella^ (as seen from the si<lji3), leaving more space between 
their posterior edge and the audital bulla*. The posterior ends of the 
palatals are smaller, thicker, and have the outer edge straighter. In 
the Tula skulls the palatiils are thinner and broader, with the outer 
edge irregulai'ly sinuous. In the Patzcuaro animal the jugals are con- 
spicuously broader anteriorly than in those from Tula, but as in the 
latter they are much less expanded in the female than in the male. 

There is an average diflerence in external characters by which the 
Patzeuaro specimens may be distinguished from specimens from Tula 
and the Volcano of Toluca. They are darker and richer in color (the 
chestnut being more ferruginous), and the head is mainly slate black, 
more or less faintly washed with rusty. This color does not cover the 
head uniformly but is disposed in a tolerably regular pattern from 
which there is little variation in the series of specimens at hand. The 
slate-black covers the muzzle, rejiching back along the median line as 
far as the plane of the eyes, and sends a broad arm backward on each 
side to the shoulders, inclosing the eye and ear. The chestnut of the 
back comes forward over the top of the hea<l to about the plane of the 
eyes, and on the sides of the face l)eh)w the eyes to and sometimes 
including the cheeks. Possibly there is something seasonal in this 
pelage; all of the Patzeuaro specimens were collected at the same 
time — the latter half of July. 

Mr. Nelson contributes the following information respecting the local 
distribution of P. tylorhinus: '*! found this species common along the 
north slope of the mountains about Lake Patzeuaro and thence to the 
vicinity of Lake Cuitzeo, in Michoacan. All of this district lies in the 
zone imm(»diately below the pines (from about 5,500 to 6,800 feet alti- 
tude), and is largely cultivated to wheat and corn. The gophers are 
particularly numerous in the fields, where they do considerable damage 
to crops. They range up into the lower border of the forest where 
Zygogeomys tricJutpus is found. Beyond Lake Cuitzeo no work was done 
to the northeast until Tula, Hidalgo, was reached. There these animals 
were found in small numbers at an altitude of about 6,000 feet, in the 
vicinity of the town. They were only note<l about the borders of small 
basin-like sinks, where the land was under cultivation. Not being 
numerous here their depredations in the grain fields were of little 
moment. The district from Lake Cuitzeo to Patzeuaro has a cool cli- 
mate, with abundant rams during the summer months. Tula lies in a 
much more arid and warmer zone." 

PLATV(;E0MYS PLANICEPS sp. nov. 

(PI. 13, f»^. 3; pi. U, fig. !>.) 

TAnromys mexicanuSf Licht., Brants Muizen, 1S27, 27-31 (in part). 

Tiipcfrom north slopo Volcan roi.rcA. Mkxko. No. 55906 ^ U. S. National Musenm, 

Department of Aprricnitiire, collection. Collected September 12, 1893, by E. W. 

Nelson. (Original No. 5^<)6.) 
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Geographic (Hfttribution. — Northern and eastern slopes of the voleaoo 
of Toluca and adja(;ent part of the valley to the city of Tohica, from an 
altitude of 8,600 feet up to the vicinity of timber line. 

Oeneral characters, — Similar to 1\ tylorhinus^ from which it differs 
inapprectiably in ext^jrnal appearance except in the greater length of 
the tail. Upper in<*isors unisulcate; skull broiid and Hat; size large; 
tail nearly naked; a naked pad on end of nose; lorefeet with claws 
shorter than hind. 

Color. — Upper parts chestnut, as in tylorhinm from Tula; under 
parts similar but i)aler, the plumbeous basal fur showing through in 
places; legs and ankles <;oncolor with body; hairs of hind fe<*t whitish, 
but sciint. Nose below eyes blackish ; a large blackish spot around each 
ear. One si)ecimen is dark i)lumbeous, washed witli chestnut, and has 
the head markings described under the l*atzcuaro specimens of iylor- 
hinus. 

Cranial characters, — Skull similar to that of tylorhinm, from which it 
differs chiefly in theformof thejugal bone, which is narrow throughout 
or very slightly expanded ant(iriorly — not broadly exi)anded as in 
tylorhinus. It differs farther from tylorhiniiH in having the nasals less 
scjuarely truncate posteriorly (and ending about on ph\ne of middle 
of maxillary root of zygoma); the ascending branches of ])remaxilla 
rounded posteriorly and ending near anterior plane of orbits — not 
passing nasals so far as in tylorhinm; the cranium very broad and 
flat; occipital pLane more than two and a half times as broad as high. 
The rostrum is narrow, but not narrower than in some sj)ecimens of 
tylorhinus from Tula. 

Measurements (taken in flesh). — Type si)ecimen S : Total length, 372; 
tail vertebne, 121 ; hind foot, 40. Average of two females from type 
locality: Total lengtli, 330.5; tail veitebrie, 100; hind foot, 43. 

For cranial measurements see Table E, p. 212. 

Specimens examined, — Three, all from the north slope of the Volean 
de Toluca, State of Mexico. 

Oeneral remarks, — This animal may prove to int^rgrade with tylo- 
rhinus of Tula, in which case it must be reduced to subspecific rank. 
The number of specimens at hand (only three) is not sutticient to deter- 
mine the constancy of the characters that distinguish it from tylorhinm. 
The chief ditt'erences, as above stated, arc the longer tail and narrower 
jugal. Thejugal is always narrower in females than in males, and two 
of the three specimens are females. The ma.le (type specimen), while 
full grown, is not ohl, and its jugal may be abnormally slender, though 
there is nothing about the skull to suggest this belief. In the light of 
the present material no course seems open but to recognize the animal 
as a distinct species. It may be remarked, however, that it is the 
poorest species described in the present ])ap(ir. 

Respecting its local distribution Mr. Nelson states: *' On the slopes 
of the Volcano of Toluca this species is not very numerous, but is found 
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scattered in small numbers continuously from the base of the mountaiii 
up to the vicinity of timber hnc, usually in open parts of the pine forest 
and in hiuuU grassy parks. It is more common in the valley of Tolnca, 
where it inhabits fields and grassy meadows and is very destmctive 
to croiis.'' 

PLATYGEOMYS FUMOSUS Merriam. 
(Pi. 11. fig. 4, aud pi. 14, fig. 8.) 

Geomys fumosus Merriam, Proc. Biol. Soi*. WaahingtoD, vii, September 29, 1892, 
165- KM5 

Type locality. — Colima City, Mexico. (Type in U. S. National 
Museum.) 

Geographic distribution. — Plain of Colima, Mexico. (Altitude 1,500 to 
2,000 feet.) 

General cliaracters. — Size medium, about equalling Geomys bursariui 
(smaller than the other species of Platygeomys)) pelage rather soft, 
sparingly mixed with long whitish bristles, which are most abundant 
on the rump; tail and hind feet nearly naked; nasal pad not strongly 
developed ; color very dark. 

Color. — Upi)cr parts everywhere plumbeous slate or dark sooty- 
brown, faintly washed in places, particularly along the sides, with pale 
reddish -brown; color of u[)[>er parts fading in worn pelage to pale dull 
liver brown, usually in irregular patches; underparts scant haired, 
pale plumbeous, sometimes indistinctly washed with pale brownish. A 
young specimen, about half grown (No. 3418G $ ), is rich slate black 
above, conspicuously lined with whitish bristly hairs, which are most 
abundant on the rump, aud more so on the sides than along the middle 
of the back. There is also a faint brownish tinge on the sides of the 
neck. The scant hairs of the belly are very pale plumbeous or even 
soiled whitish. 

Cranial chara^^ters. — Skulls of Platygeomys fumosus agree with those 
of the other members of the yymnuruH group in the extreme breadth 
of the hinder part of the cranium, due to the expansion of the squamo- 
sals beyond the parieties of the brain case, and in the great lateral 
production of the angle of the mandible. P. fumosus departs from 
the gymnurtiH series markedly in the form of the zygomatic arches, 
which, when looked at from above, are rounded instead of sharply 
angular anteriorly, and have the sides nearly parallel or bowed out- 
ward, so that they are broadest across the middle instep of anteriorly. 
In gymnurm they are usually widely divergent anteriorly. P./unwsus 
difiers fui'ther from the other members of thi^ gymnurus series in greater 
interorbital breadth of frontals; strongly wedge-shaped nasals; more 
elongated postpalatal pits (which reach the plane of front of last 
molars), and in having the anterior end of jugal more deeply embedded 
between the terminal forks of the maxillary arm of the zygoma. 
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The jugjiLs are but slightly (sometimes not at all) expanded anteri- 
orly, in which respect the species agrees with P. planiceps, from the 
Volcano of Toluca. It differs from the latter greatly in the extent to 
which the jugal enters into the formation of the zygomatic arch; the 
jugal being so far overlapped by the maxillary and sc^uamosal roots of 
the arch that its free upper border is short — ^less than half the length of 
the basioccipit^il in median line. It differs from planiceps further in 
broader rostrum, less spreading and more strongly decurved zygomatii, 
and shorter and broader ascending arms of the premaxilla, which are 
bluntly rounded off opposite the middle of the maxillary root of the 
zygoma. 

Medsurements. — Average of seven males from type locality: Total 
length, 287.5; tail vertebrie, 82.2; hind foot, 42. Average of three 
females from type locality: Total length, 277; tail vertebrae, 75.3; hind 
foot, 39.6. 

For cranial measurements see Table E, p. 213. 

Specimens examined. — Total number, eleven ; all from Colima City, 
Colima, Mexico. 

General remarks. — Plutygeomys fumosus belongs to the gymnurus series, 
of which it is the smallest spe^jies yet described. It differs markedly 
from the other members of the series in having the zygomatic arches 
rounded and nearly parallel instead of sharply angular and strongly 
diverging anteriorly; and differs further in having the sides and rumj) 
beset with whitish bristles that protrude far beyond the fur. 

Tlie original description of this species was ftiulty in several respects 
and is here corrected. The material collected by Mr. Nelson since the 
original description was published has thrown a flood of light not only 
on the afhnities of this species but also on the whole group. It is now 
clear that /ttmo«M« is not related in any way to hispidusj authentic skulls 
of which are now available for the flrst time. 

Mr. Nelson found this species limited in distribution. Ills notes state 
that it was rather numerous in damx) saline flats overgrown with cocoa- 
nut palms, wild fig trees, mesquites, and <acacias, in the valley of the 
Colima Itiver near the city of Colima. In the vicinity of Armeria, at 
an altitude of about 2(K) feet, a few hills were seen but none of the 
animals were caught. Thence up the course of the Armeria rivfer, on 
the plain of Colima the hills became more and more numerous, especially 
between the altitudes of 80() and 2,500 feet. The animals seem to live 
in isolated and limited colonies, between which, in apparently equally 
favorable ground they occur singly and rarely. One colony of con- 
siderable size occujHes an open grassy area in the limestone belt between 
Colima and the volcano ; others were seen along the sandy border of the 
Armeria river bottom in a growth of low bushes, and in some thick 
thorny woods on a dry bench bordering tlie (Colima river a few miles 
below the city. 
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Ilciilm UI.-THIXiKOMYS* mill. 
(I'l. 1!), tiKH. liiiiilL'; tt>xt Htm. <X>-tll ; iiia|i»''.) 
Tjiiie )irums>i swifo/n Tlioiiiiis, frtmi TKiHANTKi'Kr, Mrxii'o. 

Dental rhaructein. — I'lujer premolar with three or four enamel plates, 
ttiti posterior wIk'u preaoiit restricted to iiinvr fourth; tin' and m' with 
two enamel plates each. Thiril upjHsr inolnr with an elongated heel aad 
deepout'Cr sulcus; inner anicus variable; both inner and outer enamel 
plates normally reiwhing posterior end of heel, the inner plate auaal); 
covering the ]MwttTtor half of the inner side of the tooth, leaving a broad 
cement band in front of it (fig. M, ': ", and "). In 0. siialopit the outer 
plate is often dividod, presenting an anomalous t^ndition in the family 
(fig. 62). I'osterior cnr\'atiire of m' and ni- and anterior cnrvatnre of 
mi and m.^ strongly deveIo|H!d. Shaft of upper pni stnught. 

Upiwr incisor uaiguh-afr, the sulcu.s widely open and slightly on inner 
side, but sometimes reai-hing middle. 




■ill iDd Toner 



11 biitit ii]>^>er pi-euiolarii of the ty)ie»ud nuly known 
t in iilt<i<;c-t.ii<.'r aliHnnt, or proseiit as n ver.v niuTow strip 

p» fiiiil >>, afUnni. 
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Skull as a whole much elongated; frontal extraordinarily broad and 
tlat, much broader than n)uzzle, with sides nearly parallel (not exca- 
vated or concave laterally between the orbits, fig. 
17^); orbital plates of frontal not meeting inferiorly 
behind cribriform, but 1/roadly separated by orbi- 
tosphenoids, as in Frq)po(jeomys and Thomomys. \ "^^ 

Zygomata narrow or only moderately spreading. 
Brain case subcylindric, as seen from above, in vw.^i.-Orthorfeoinyt 
continuation of the general form of the frontal '^caiop*. Lastuppcrmo. 

J 1 4 \ n 1•1■ll^l'^.l•i 1 •«»*. b, dividtnl outer 

and muzzle. Angle of mandible short. Orbitosi)he- ^.^amei piatc 
noids rather hirge, articulating with the anterior 
part of the alisphenoids and sending a tongue upward, partly filling 
the upper part of the sphenoidal fissure [fig. <iO). Mesethmoid a half 
crescent, as in Cratogcomys; endoturbinals as a whole quadrangular, 
the anterior border essentially parallel to cribriform plate; first endo- 
turbinal only slightly exi)anded and rounded anteriorly, as in Oeomys; 
third endoturbinal larger an<l mucrh broiwler than second — a unique 
condition in the family [i\g. 01 ). The palat()i)terygoids arc long and nar- 
row, and of nearly equal breadth throughout ; the basal third or less, is 
]>alatine ; the distal two thirds or more, i)terygoid. The foramen rotun- 
dum and foramen ovale are nearer together tiian usual, and sometimes 
merge into a single large opening whi(*h comnumicates directly with 
the alisphenoid canal. 

External characters, — Size large; pelage very coarse, hispid or setose; 
nasal i)a<l present or absent. 

Cranial vharavtern. — The chief cranial characters that distinguish 
Orthogeomys from the other genera having essentially the same enamel 
pattern of the molarifoiin series {lletcroyeomys and Macroyeomys)* are 
the great breadth of the frontal interorbitally, absence of interorbital 
constriction, absence of conspicuous postorbital prominences or ridges, 
large size and extende<l relations of orbitosphenoids,* peculiar form of 
endoturbinals, and shape of the palatopterygoi<ls. The great length 
and narrowness of the cranium as a whole is nuitched by Macrogeomys 
(lolichocephahis, but the nearly uniform breadth of the u[)])er part of 
the skull and the form of the zygomata and i)alatopterygoids are very 
different. The posterior yjosition of the lateral enamel plates of m^, 
both of which normally reach the end of the heel, is a distinctive 
character. 

KEY TO SPECIES OF OKT;^OGEOMYS. 

Pelage setose; mnz/Je Hhort laiifrona. 

Pelage not setose; mii/zle long: 

Frontal inflated on orbital margin anteriorly; ni^ normal — 

Nasals broad posteriorly graudia. 

Nasals narrow ]»osteri(>rly mhoni. 

Frontal inflation slight or absent; m** with outer enamel plate divided.. »c«/(>/m 

* It has been stated in the ]>receding footnote that the npper premolar of Orlho- 
geomys normally has only three enamel plates, while in Ilvteroijcomyn and Macro- 
geomys four are always present. Hence the enamel pattern can hardly be said to be 
the same. 
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ORTHOGEOMYS 8CAL0PS (Thomas). 

(PI. 19, figs. 1 and 2, aud text figs. 60-62.) 

fieomyascalops Thomas, Aunals and Mag. Nat. Hist., 6th series, XIII| May, 1894, 4d7-438. 

Type from Tehuantepec, Mexico. (Type in Britiah Museam). 

Geographic distribution. — Extreme southern Mexico, in State of 
Oaxaca, and probably adjacent part of Chiapas. 

Mr. Nelson states that on the pine-covered slopes of the Cerro San 
Felipe, a few miles north of the city of Oaxaca, he found the diggings 
of this gopher extending upward from an altitude of about 7,000 feet 
to the summit (altitude about 10,500 feet), always in pine or oak timber 
or in the small openings that occur in tlie forest. 

General characters, — Size rather large; pelage hispid^ naked nasal 
pad large (measuring 20 mm. in length in fresh specimen); tail naked; 
hind feet nake<l, except for a few scattered colorless hairs; ear ox>ening 
surrounded by a broad, thickened rim. 

Color. — Type specimen in worn, failed pelage: "Smoky-brown, tend- 
ing rather toward rufous (very near * Front's brown' of Ridgway).^ — 
Thomas. An adult specimen from Cerro San Felipe, Oaxaca, col- 
lected June 21, 1894, by E. W. Nelson, is in good pelage and is dark 
seal-brown (almost black in places) with an evident gloss. 

Cranial characters. — Skull of adult 9 very long and narrow; frontal 
very broad interorbitally, not constricted in front of postorbital pro- 
cesses; zygomata little spreading, flattened, elongated autero-poste- 
riorly, the outer sides parallel; occipital plane sloping forward; paroc- 
cipital flanges turned backward, but not reaching plane of occipital 
condyles; palatopterygoids narrow, of nearly uniform breadth through- 
out, the pterygoids forming distal two thirds, but not reaching base of 
notch (see pi. 19, fig. 2). Inferiorly the premaxilla reaches far behind the 
incisive foramina. Contrasted with latifronsj which it greatly resem- 
bles, scalops differs in having the rostrum much longer, the nasals 
broader, more arched anteriorly, and longer, and the jugal broader 
anteriorly. The resemblances and diflerences are such as to at once 
suggest sexual variation — the skull of O. latifrons diflfering from that of 
scalops in the way that female skulls usually differ from males in the 
Geomyidw — smaller size, shorter rostrum, and narrower jugals. But, 
unfortunately for this hypothesis, the specimen of scalops is an adult 
female, as shown both by the collector's label and by the conspicuous 
teats on the dry skin. Furthermore, the grooving of the upper incisors 
is very different and the external characters are marked. 

Since the above was written I have received nine additional speci- 
mens of O. scalops from Mr. Nelson, all collected in the Cerro San Felipe, 
near the city of Oaxa(*a, during the last week of August and 1st of Sep- 
tember, 1894. Two of these are adult males. Their skulls diflfer from 
those of the female in slightly larger size; more spreading and some- 
what heavier zygomjita, which divaricate anteriorly instead of being 
parallel; in a more decided tendency to inflation of the anterior part of 
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the border of the frontal ; the development of a long sagittal ridge, and 
of much larger paroccipital processes, which reach backward behmd 
the plane of the condyles. 

Male skulls of scalops from Cerro San Felipe, Oaxaca, differ from 
males of nelsani from Totontepec and Mount Zempoaltepec, Oaxaca 
in the following characters: Size smaller, muzzle mucli narrower, the 
narrowness especially marked in the ascending branches of the pre- 
maxilla; nasals decidedly broader posteriorly and less evenly acum- 
inate, spreading more abruptly in front of the middle j zygomatic arches 
more slender and more divergent anteriorly; frontal mtiation less 
pronounced; paroccipital processes much larger and directed more 
strongly backward, exceeding the plane of the condyles ; occipital plane 
less flattened, and marked by three ridges, a median ridge and two 
lateral; palatopterygoids shorter; groove of upper incisors narrower. 

Dental characters, — Molars as in the genus. Upper incisors with a 
single deep and rather broad furrow wholly on inner side; outer side 
strongly convex. In latifrons the groove is relatively shallow and 
median, or nearly so. The outer enamel plate of the last upper molar 
is usually divided, making four instead of three plates for this tooth, 
a condition not observed elsewhere in the family (fig. 62). 

Measurements, — T3ri)e specimen (measured by Thomas from dry skin): 
Head and body, 270; tail, 95; hind foot, 45.2 (without claw, 40). 

Average of two males from Cerro San Felipe, Oaxaca (measured in 
flesh): Total length, 369; tail vertebrae, 103.5; hind foot, 50.* 

Average of eight females from same place: Tota,l length, 300; tail 
vertebrje, 109; hind foot, 50. 

Cranial measurements, — Type specimen (measured by Thomas) : Basal 
length, 63; basilar length of Hensel, 56.7; greatest zygomatic breadth, 
40.8; nasals, length 26, greatest breadth, 8; least breadth of muzzle 
above maxillopremaxillary suture, 15; interorbital breadth, 14.2; 
between tips of postorbital processes, 16.2; postglenoid breadth, 26.7; 
greatest squamosal breadth, 39; basion to occipital crest, 18.4; between 
tips of paroccipital processes, 27.5; palate from gnathion, 47; diastema, 
24.6. Upper molar series on crowns, 12.6; breadth of m', 4; least 
height of muzzle on diastema, 12. 

For other cranial measurements see Table F, p. 214. 

Specimens examined, — Total number 13 : 10 from Cerro San Felipe, 
Oaxaca, Mexico; 3 from mountains 15 miles west of city of Oaxaca. 

Oeneral remarks, — Orthogeomys scalops seems to be more closely 
relatM to 0. grandis than t^ 0, nelsoni, 

ORTHOGEOMYS GRANDIS (Thomas). 

(Text fig. 63.) 

Geomys ffrandis Thomat}, Anuals and Magazine) Nat. HiBt., 6 ner., XII, October, 1893, 
pp. 270-271. 

Type locality. — Duexas Guatemala. (Type in British Museum). 

• 

*A larger series of males would undoubtedly result ni larger average meiisure- 
Dients^ as neither of our specimens are vjery old. 
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Oeographic distribution. — '^Coininon all over the highlands [of Guate- 
inahij, and tracies of their i>resen<'e are to be met with ahnost every- 
where in the neijjhborhood of Duenas."— Biologia Centrali-Americaua, 
Mammalia, 1880, IGO. 

Oencral cliaravters, — Size very large; upper incisors deeply unisal. 
cate, the sulcus on inner side and widely open; tail naked; fore and hind 
feet '*very thinly haired, the few scattered bristles whitish;^ pelage 
coarse. The following (juota-tion is from Mr. Thonnis^s description of 
the type specimen: 

Co/or.— "Smoky chocolate brown throughout, except on the muzzle, 
cheeks, and chin, where the hairs are white or pale whitish brown. 
A few white hairs scattered over the back." 

Cranial chararters. — '* Skull large and heavily built. Ascending 
processes of premaxillaries surpassing the nasals by about a quarter of 
an inch ; the space between them behind the imsals less than the breadth 
of one of them. Interorbital si)ace broad, as broad as the muzzle, its 
edges anteriorly rounded and inflated in a manner quite unique. Zygo- 
mata not very widely expanded in proj>ortion to the size of the skull. 

"Incisors pale yellow or whitish, in marked contrast to the deep 
orange found in the allied species. Their single groove deep and very 
widely open, so that its greatest width on the cutting edge amounts to 
2 mm.; in position the bottom of the groove is internal, the breadth 
of the inner iTortion of the tooth being about 43 to 45 percent of the 
whole; owing, however, to the great breadth of the groove itselt^ it 
considerably overlai)s the median line, but the above percentage is 
taken strictly from the bottom of the groove. Molar teeth large."* 

Meanuremcfitff of tifpe specimen (from dry skin). — Head andb<xiy,320; 
tail, 135; hind fot^t, with claw, ."jT ; without claw, 50; longest foreclaw, 23. 

For cranial measurements see Tabh* F, (p. 214). 

General remarks, — This animal, though long known from Guatemala, 
had been confounded with hispidus until recently separated by Mr. 
Thomas, who, struck by its larger size and some other external diflfer- 
ences, removed the skull from one of Mr. Salvin's original Duenas 
specimens and discovered the remarkable cranial peculiarities above 
mentioned. 

0RTII()(;K()M.VS NKLSONI 8p. nov. 
(Text WiT. 63. ) 
Type I'roiii Mt. Zkmpoaltkpec, Oaxa*'a, Mexico. (Altitude 8,000 feet.) No. 66751 
^ ad. U. S. Natiouiil MustMiiii, Departuicut oi' Agrimltiire (.'tdlection. Collected 
July 8, 1804, by K. W. Xelsou and E. A. Oolduian. Original No. 6376. 

Geofjraphie flistribntion. — Mt. Zempoaltep(*c in the State of Oaxaca, 
Mexico, and the adjacent region, inclndinj^ Comaltepe<; and Totontepec. 

General characters, — Size, largest of the known species of the family, 
slightly exceeding O, grandis of Guatemala, which it closely resembles, 
differing chiefly in the frontonasal region of the skull. Ears larger 
than in any other member of the family; nuked nasal pad large; tail 
naked except at base. 

"Annals and Magazine Xat. Hist., XII, October, 181)3, 270-271. 
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C»lor. — Uniform dull dark-browu; hardly paler below. 

Cranial <:karavterii. — Skull large, 'ong, and heavy, resambling both 
scaiopn and grandis, but difTeriug from both iu the shajie of the nasal 
bones, wliivh are very much narroicer pos- 
teriorly. Mr. Oldlicid Thoinaa haa hud 
the kindness to compare bis type of 
gr<i)t)iis with the type and other skulls 
of neUoni sent him for the purpose, and 
bas taken the trouble to give me a sketch 
of the frODtO'Uasal region of grandis, 
with a unmber of detailed measurements 
which show the differences between the 
two forms. In addition to the striking 
narrowness of the nasals posteriorly, 
nelitoni dift'eis from grandis further in 
the following [loints: the ascending arms 
of the premaxilla reach much further 
backward, cutting the plane of the orbit; 
the articular face of the maxillary root 
of the zygoma (on top of the skull) is 
much longer, measuring 11.5 instca*! of 
S.T mm. ; the frontal is Iwtb narrower and 
shorter between the nasal branches of 
the premaxilla; the muzzle is narrower, 
the frontal broader, and the frontal in- 
flations ai'e more anterior and less ex- 
treme. The mandible differs, not only from yrnndis, but from all known 
members of the family in the absence of the capsular inflation over the 
root of the incisor, between tbu condyle and angular process. It is 
entirety wanting in the tyi>e, and only faintly apparent in the adult 
female from the same locality. It is larger, but still abnormally small, 
in an old male from near Totontcpec (No. ((6753). The skull of the latter 
specimen is the largest I have seen of the species and the jugal is 
broader anteriorly than in the specimens from Mount Zenipoaltepec. 

Skulls of 0. nelxoni differ from tboso of 0. xcalops in larger size, much 
broader muzzle, heavier zygomata, longer nasals, which are much nar- 
rower jHisteriorly and truly cuneato in form; much broader ascending 
branches of premaxilla; bmader and decidedly more inflated frontal; 
U-shaped, instead of V-shaped {jostglenoid notch; flatter occipital 
plane, with less backward extension of the paroci-ipital processes. 

Measurements. — Type specimen, an adult S from Mount Zempoalte- 
pec: total length, 307; tail, 1:^3; hind foot, 53. Another male, froju 
near Totontepec, is even larger: total length, -(35; tail, 140; hind foot, 
55. An adult female f^om Mount Zempoalteiiec measures: total length, 
380; tail, 118; hind foot, 52. 

For cranial measurements see Table F, p. 214. 
7433— No. 8 VI 
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Specimens examined.— Five, all from the State of Oaxaca, soutbern 
Mexico: Mount Zenipoal tepee, 2; near Toton tepee, 2; Gomaltepec, 1. 

Oeneral remarks, — In color the si)ecimen8 of O. nelsoni differ mate- 
rially from Mr. Thomas's description of grandis. They are iu woni 
pelage, and are very dark-brown, but the muzzle and cheeks are not 
paler. In fresh pelage they would probably resemble 0. scalops in 
being rich seal-brown, almost black. The feet are evidently more hairy 
than those of grandis, and the ears are larger than in any other mem- 
ber of the family, measuring about 5 mm. in height iu the dry skin. 

ORTHOOEOMYS LATIFRONS sp. nov. 

(PI. 11. figrt. 5 and 6; text fig. W.) 

Type f rom GVATE^A ALA. Exact locality unknown. No. . U. 8. National Musemii 

(No. 2 WorlfPs Fair exhibit of Guatemala). 

Oeneral cluiraciers, — Size medium (rather small for the tropical 
American species); incisor groove median or nearly so; tail long and 
absolutely naked; hind feet naked, except a few scattering hairs; fore- 
feet scant haired; nasal pad small or absent; pelage hispid, scant and 
unusually long, unlike any known species of the family. The indi- 
vidual hairs are bristles, very much coarser and longer than those of 
Geomys hUpidus. There is no under fur. The belly is so sparsely 
haired that the bare skin shows through. 

Color. — Everywhere uniform dull sooty-brown. 

Cranial cJuira^ters — Unfortunately the skull of the type and only 
known specimen of this remarkable animal is defective, the entire 
occipital region and the audital bulhe being absent. The anterior part 
of the skull is perfect, including all of the teeth and one of the zygo- 
matic arches. The upper surface of the cranium is remarkably smooth 
and free from lateral indentations or projections, and is of almost uni- 
form breadth. 8een from above, the muzzle, frontal, and brain case 
pass into one another without interruption or constriction, the frontal 
being a trifle wider than the muzzle and the cylindrical brain case a 
trifle broader than the frontal. There is only a faint attempt at a 
postorbital prominence, and it is below the level of the top of the 
skull and is made up of the alisphenoid and squamosal. The muzzle 
is short. The zygomata are narrow and slender, without any enlarge- 
ment or expansion at any point; they are broader posteriorly than 
anteriorly, and the maxillary arm slopes strongly backward. The 
jugal is small and slender and the arch is incomplete without it. The 
palatopterygoids are broken off. The ascending branches of the pre- 
maxilla slightly surpass the i)lane of the orbits. Inferiorly the pre- 
maxilla slightly passes the posterior end of the incisive foramina. The 
nasals are small, short, and narrow, but slightly broader anteriorly 
than i^osteriorly, and without trace of inflation. The angles of the 
mandible are short and flat. Unfortunately the palatopterygoids and 
audital bulhe are broken ott', along with the whole of the occipital 
region, hence additional important characters may exist that are not 
apparent in the single specimen at hand. 
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Dental characters, — The single groove of the upper incisors is median, 
oi>eu, and rather shallow, and the face of the tooth slopes toward it from 
both sides. It thus differs widely from the deep and abrupt groove of 
G. scalops, which is wholly on the inner side. The face of the incisors is 
orange; in scalopn it is pale yellowish or straw-color. The long axes of 
the crowns of the individnal molars are not quite 
transverse, but slope slightly backward toward 
the median line. In most species they slope for- 
ward. The heel of the last upper molar is short, 
but is sharply circumscribed. In addition to the 
usual deep sulcus on the outer side, the inner 6 
side is abruptly narrowed (figs. 34^ and 64). The 

,* .. y^ \ , . Fia. 64.— OrthooeomyM lati- 

enamel plates are peculiar: Inner enamel plate /rons {type), crowns of mo- 
covering considerably more than half of inner lanform teeth: a upper; b 
side of tooth, its anterior end bent outward at 

nearly a right angle; its posterior end curved toward the median line 
and reaching the hindermost part of the heel; outer enamel plate cover- 
ing about five-sixths of the outer side of the tooth, its anterior third 
bent outward at right angles, its posterior half sloping strongly back- 
ward to the end of the heel, forming nearly a right angle with the mid- 
dle part and thus making two sharp angles instead of one — a unique 
condition. The posterior interspace is very narrow and is on the 
median line of the tooth behind. The inner interspace is twice as broad 
as the posterior. 

^fea8Mrenlent8 (from dry skin, not overstuffed). — Total length, 320; 
head and body, 235; tail. 100; hind foot with claw, 44; hind foot with- 
out claw, 39. 

General remarks. — Externally Orthogeomys latifrons may be distin- 
guished from all other known members of the Geomyida* by the char- 
acter of the pelage, which is setose, the individual hairs being long 
bristles. In cranial charac*ters it closely resembles 0. scalops, but dif- 
fers in the much shorter muzzle and nasals (which latter are not at all 
inflated anteriorly), and narrower Jugal. The upper incisors are very 
unlike. In latifrons the face is orange, the groove median, or nearly 
median, and relatively shallow, and both sides slope similarly into it. 
In scalops the face is pale yellowish or straw color, the groove wholly 
on the inner side and deep and abrupt, and the outer side is strongly 
(roundly) convex. 

Genus HETEKOGEOMYS * nob. 

(PI. 4; pi. 14, ftg. 12; pi. 15, fig. 2; pi. 17, fig. 1; pi. 18, fig. 3; pi. 19, fig. 5; text 

figs. 65 and 66; map 3-*.) 

Typt (ieomifH htftpidiiM LeConte, from near .Jala pa, Vk.ra Cruz, Mkxico. 

Dental chtira^lers. — Upi)er premolar with four enamel plates, the pos- 
terior restricted to inner or lingual half. Upper and lower premolars 

* HeUrogeomyHf from trfpi»f, different, -|- Geomyn, 
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subequai in length. First aud second upper molars with two enamel 
plates each, the posterior complete. Third upper molar a double prism ; 
crown much longer than broad; posterior loop or heel strongly devel- 
oped; outer sulcus deep; inner sulcus slight; inner enamel plate cover- 
ing half or more than half of inner side of tooth and falling short of 
hinder end of heel; outer enamel plate very long, covering the whole 
of the outer side of the tooth behind the anterior cement band, aud 
curving inward posteriorly to the median line of the tooth. At the 
lateral sulcus the outer enamel band bends outward at right angles. 
Posterior curvature of m' and m^ and anterior curvature of mi and m2 
slight. Shaft of upper pm straight or faintly convex forward. Upper 
incisor unisulcate, the sulcus wholly on inner side of median line and 
sometimes on inner third; deep and abrupt (fig. 20'). 

Cranial characters. — Skull as a whole high and narrow; frontal broad 
and flat; its sides biconcave interorbitally; distance between orbits 
much greater than length of basioccipital on median line; temporal 
impressions anteriorly defining a marked frontal shield ( fig. 17') ; 
orbital plate of frontal usually perforated by a foramen above apex of 
sphenoidal fissure; zygomatic arches variable, outer sides nearly 
parallel, antero-exterual angle sharp and moderately expanded; infe- 
rior surface of palatopterygoids cuneate-lingulate, long and slender, 
the palatal arms much elongated, the pterygoid part small and ter- 
minal; x)ostpalatal pits deep; nasals nmch arched anteriorly to support 
the large nasal callosity; occipital x>lane but little more than twice as 
broad as high, very flat, sloping strongly forward from below upward, 
squamosal part very high above mastoid bulla;; orbitosphenoids shield- 
shaped, rather narrow aud long, not articulating with alisphenoids ; * 
upper part of optic foramen disappearing in advanced life (pi. 17, fig. 1); 
endoturbinals peculiar, the first greatly expanded, its anterior face 
vertical or slightly emarginate ([)!. 19, fig. 5). Mesethmoid rather 
small and strongly convex anteriorly (pi. 18, fig. 3). Squamosal expan- 
sion slight; fron to-maxillary suture reaching orbit in front of lachry- 
mal (instead of behind, as usual). Mandible short and compact; angu- 
lar processes short. 

KEY TO SPECIES OF HETEROGEOMYS. 

Zygomata broadly sprca^linji:, divergent anteriorly ; na^alH abort torridiu. 

Zygomata not broadly spn-ading aud not <livergeut anteriorly ; nasals rather 
l(»ng hispidtu. 



* In immatnre skulls of /ffferojFeomj/9 tbe orbitosphenoid seems to articulate ante- 
riorly witb the maxilla as well as the frontal, but careful examination shows it to 1>e 
separated by the narrow descending arm of the frontal. In rare caaes, irregular 
absorption of the exceedingly tliiu plate may permit the orbitosphenoid to reach 
the maxilla. 
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HETEROGEOMYS HISPIDUS (LeConte). 
(P1.4; text fig. 65; pi. 13, fig. 20; pi. U. fig. 12; pi. 15. fig. 4.) 
Geomys kispidus LeConte, Proc. Acad. Nat. Sci., Phila.,v. S eptomber. 1852, 158. 

Type locality. — Near Jalapa, Vera Cruz,* Mexico. (T^^pe in Acad. Nat. 
Sciences, Phila.) 

Geographic distribution, — The 'Tierra Templada,' or middle belt, 
along the basal slope of the tableland, in the State of Vera Cruz, 
Mexico, between the alti tudes of 4,000 and 4,500 feet. Mr. Nelson found 
the species common about Jalapa and Jico, and in less abundance from 
near the city of Orizaba north to Hnatusco. The U. S. National 
Museum contains a specimen from Necostla (near Orizaba). 

General characters. — Size large; upper incisors deeply unisulcate, the 
sulcus wholly on inner side; tail naked; a large naked ])ad on end of 
nose; forefeet with claws shorter than hind; pelage harsh and stiff, 
unlike any other species known to occur in Mexico except torridus. 

Color. — Upper parts everywhere uniform dark seal-brown ; t hardly 
paler below. 

Cranial characters. — Skull as a whole high and narrow; frontal 
very broad and flat, depressed and biconcave interorbi tally, concave 
both longitudinally and transversely; distance between orbits much 
greater than length of basioccii)ital on median line; temi)oral impres- 
sions forming elevated semicircular ridges separated in both sexes by a 
distinct interval, and extending from postorbital i)rominences to out^r 
angles of interparietal, anteriorly defining a marked frontal shield, and 
posteriorly inclosing a broa<l interparietal; zygomatic arches narrow, 
the maxillary arms sloping strongly backward, outer sides nearly 
parallel (sometimes broadest across the middle instead of anteriorly), 
antero-external angle sharp and moderately expanded, but not in the 
usual way; angle not produced downward; expansion oval in shape 
and encroaching on orbital fossa, which is corresimndingly narrowed 
at this point; inferior surface of palatine bones greatly elongated pos- 
teriorly, forming, on either side of the postpalatal notch, narrow Ungu- 
late extensions which are terminated by short and narrow pterygoids ; 
postpalatal pits deep; ascending branches of premaxilla broad and 
bluntly rounded posteriorly; premaxilla extending far enough posteri- 
orly to inclose incisive foramina; nasals inflatiHl anteriorly and then 
contracted at nares; anterior nares larger than in the other groups; 
occipital plane a little more than twice* as broad as high, very flat (free 



*The type specimen was collected by Mr. Pease in 1847 on the road followed by 
Scott's army "between Vera Crnz and the City of Mexico,^' which road passes thron^h 
Jalapa. Mr. Nelson found the species abundant about Jalapa, which is in the 
*Tierra Templada/ about halfway down the slope from the table-land to the coastal 
plain. He ascertained further that the species does not occur on the table-land, 
which is inhabited by other genera. 

t lliis color may be otherwise described as very dark plumbeouS; faintly tinged 
with purple. 
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from the projections an<l iircgulariCieM cointnoii to other forms), sloping 
strongly forward from below upward; brain civse larger, more clearly 
defined, and higher above imsterior root of zygoma than iu any other 
groap; squamosal expausiou minimum, neither ezteudiug out far later- 
ally nor increasing length of glenoid fossa anteriorly — the usual shelf- 
like projection into the orb i to- temporal fossa from the posterior root of 
the zygoma belug nearly obsolete; frouto-maxillary suture reaching 
orbit in front of lachrymal (instea^l of behind it as usual)- This arrange- 
ment broadens the frontal anteriorly, shortening and apparently weak- 
ening the nttachment of the maxillary rout of the zygoma. Mandible 
short and compact, little spreading posteriorly; angular process short; 
prominence over root of incisor low and flattened posteriorly; condylar 
process long and only slightly sloping inward. 




Dental vharacterg. — Frout face <tf incisiirii iwrfectly flat, not rounded 
off on edge^ as in Oeomijs, I'lntggeomys, and Zggogeomyg. Upper 
incisors deeply unisnicate, the griMive narrow and wholly on inner 
side. Iiower incisors without bevel or gn>ove on outer face. Molars 
larger, heavier, and less flattened antero-posteriorly tliao in Qtomyit 
or XyijoijeomyK; crown of last uppei" molar elongated posteriorly and 
abruptly narrowed behind lateral sulcus, the crown of iwsterior prism 
longer than anterior, to which it forms a distinct heel. Isthmus con- 
necting anterior and posterior lobes of upper premolar decidedly on 
inner side of tooth. 

MemuremeaUi (tjiken in flesh). — Average of two males from near ty|)e 
Iwality (Jico, 7 miles simth of Jalapa, Vera Cniz) : Total length, 315; 
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tail vertebra?, 92.5; hind foot, 53. Average of three females from same 

place: Total length, SiOM; Uiil vertebra*, 85.3; hind foot, 47.3.* 

For cranial measurements see Table F, p. 215. 

Specimens examined. — Total number 9, from the following localities 

in the State of Vera Cruz, Mexico: Jico, 6; Huatusco, 1; Necostla, 1; 

locality unknown, 1. 

General rewar/c*.— Through the courtesy of Mr. Witmer Stone and 
other officers of the Academy of Natural Sciences of Philadelphia, the 
type specimen of Geomyn hispidus has been sent me for examination. 
In size, character of pelage, and all other respects except color, it 
agrees almost exatjtly with Mr. Nelson-s specimens. The color, which 
LeConte described as "reddish-brown" and Baird as ** reddish-brown or 
dull chestnut," was i)robably the result of museum exposure, the skin 
being mounted and exposed to the light. It was collected by Mr. Pease 
in 1847, during the march of Scott's army from Vera Cruz to the City of 
Mexico, and consequently had been in the collection five years -before 
it was described by LeConte. The fading has continued, the specimen 
now being much paler than when seen by Baird in 1855. 

In view of the large number of species of Pocket Gophers now known 
to inhabit southern Mexico, it is exceedingly gratifying to be able to 
settle the status of hittpidus by actual comparison of the type specimen 
with the series collected by Mr. Nelson at or very near the original type 
locality. The skull of the type specimen has never been removed, and 
the cranial characters of the species have remained unrecorded until 
the present time. The series of skulls obtained by Mr. Nelson there- 
fore were examined with unusual interest and the result was a complete 
surprise. They show not only that the animal is a strongly marked 
species, but that it is generically distinct from QeomySj as already 
pointed out. 

The naked nasal pjid is more largely developed in this species than 
in any of the others, and its large size is clearly correlated with the 
inflated nasal bones. For this reason it shows to unusual advantage 
in the type specimen, which is mounted with the skull inside, the arched 
nasals keeping it stretched in its natural relations. In this speciDien 
it measures 12.5 mm. in length by 10 in breadth. 

Mr. Nelson stjites that H, hispidus is confined to the district suitable to 
the cultivation of cofl'ee and sugar cane and is said to be very injurious 
to cane plantations. 

HETEROGEOMYS TORRIDUS sp. uov. 

(PI. 15, fig. 2; 1)1. 17, fig. 1 ; pi. 18, fig. 3; pi. 19, fig. 5; text fig., 66.) 

Type from CnicniCAXTLE, Vera Cruz. No. 63629 9 ad., U. S. National Museum, 
Department of Agriculture collection. Collected February 15, 1894, by E. W. 
Nelson. (Original number, 5850.) 

Geographic distribution. — Lowlands of Vera Cruz, from Ohichicaxtle 

* The measurements of the feet of the mounted type specimen as taken by me now, 
nearly half a century after its capture, are : Forefoot from basal pad to tip of longest 
claw, 42.5; hind foot from lieel to tip of longest claw, 45.5. 



184 NORTH AMERICAN FAUNA. fxoS. 

and Motzorongo to Catemaeo, and thence into Guatemala; penetrating 
the int<*rior to Reyes, Oaxaca, and Guatemala City, Guatemala. 

Mr. Nelson first observed this species on the way from Mirador to 
the coast, from an altitude of about 1,500 feet near Santsir Maria, down 
to the border of the sand hills along the coast at Antigua. The next 
point where it was noted was on the route from the city of Cordoba to 
the hacienda of Motzorongo. At an altitude of 800 feet at this latter 
place it was again found in abundance. The easternmost locality at 
which it was obtained by Mr. Nelson is Catemaeo, in the district of 
Tuxtlas. He afterwards secured it at Iteyes, in northern Oaxaca, at an 
altitude of 6,700 feet. The range of the species is strictly tropical. 

General characters. — Similar to H. hispid us. Size large; tail naked; 
naked nasal pad large; hind feet nearly naked; fore feet scant haired. 

Color. — Everywhere dark seal-brown, only slightly paler below; in 
worn pelage chocolate brown. 

Cranial characters. — Skull large, heavy and rather broad, resembling 
that of Jl. hispidxiSj from which it differs in the following particulars: 
Pituitary fossa deeper and (usually?) perforate; zygomata much more 
squarely spreading anteriorly (the maxillary arm standing out at more 
nearly a right angle instead of sloping strongly backward); temporal 
impressions uniting posteriorly in old of both sexes, but not rising in 
a sagittal crest; audital bullie smaller, narrower anteriorly, and not 
sending up a point or ridge toward hamiilar i)rocess of pterygoid; ascend- 
ing arms of premaxilla averaging broader and shorter posteriorly. The 
skull of the male differs from that of the female in larger size and greater 
angularity. The zygomata reairh out much further sideways, are much 
broader anteriorly than across the middle, and the outer angle stands out 
prominently (in the female it turns downward). The jugal is consid- 
erably larger and broader anteriorly in the male. 

Measurements (tjiken in flesh). — Type specimen ( 9 ad. from Cliichi- 
caxtle): Total length, 32.'^; tail vertebrae, S^] hind foot, 52. 

Average of four axlult males from Motzorongo: Total length, 348; 
tail vertebne, 96.5; hind foot, 49.2. 

Average of ten adult females from Motzorongo: Total length, 317; 
tail vertebrae, 81.5; hind foot, 45.5. The 9 from Reyes, Oaxaeii, is 
decidedly larger, measuring: total length, 332; tad, 98; hind foot, 49.5. 

The mounted specimen in the World's Fair exhibit from Guatemahi, 
which is considerably overstuffed, now measures: Total length, 380; 
tail vertebne, Sr); hind foot, 46. It is a female. 

For cranial measurements see Table F, p. 215. 

Specimens examined. — Total number 27: 2 from Guatemala; 1 from 
lieyes, Oaxaca, and 24 from the following localities in Vera Cruz, Mex- 
ico: Chichicaxtle (type locality), 1; Motzorongo, 22; Catemaeo, 1. 

General remarks. — Heterogeomys torridus differs but little externally 
from true hispidus. Even in color the tyi>e specimen, which is in worn 
pelage, except on the head, is only a shade paler than specimens of his- 
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piduH in worn pelage. The differences in cranial characters, however, 
are marked and constant. Still it is quite possible that intergrades 
may be found m the exceedingly narrow belt separating the two forms. 
It should be observed that the type specimen has a hind foot 4 mm. 
longer than the largest female from Motzorongo, and that the skull, 
also, is larger. The type is a very old individual. 

Two specimens of a HeierogeomyH from (inatemala, belonging to the 
U. S. National Museum collection, are here referred to the present 
species. One of these, a young adult (No. AV>?o) was collected many 
years ago near Guatemala City by Dr. Van Patten; the other was 
recently presented to the Museum by the Guatemala Commissioners to 
the World's Fair. The exact locality where it was obtained is unknown. 
It is an old female, and the temporal impressions meet over the middle 
part of the sagittal suture (which is obliterated, as in all adults of the 
species). The specimen obtained by Dr. Van Patten (probably also a 
female) is younger, and the temi>oral impressions are still distant. The 
two Guatemala skulls differ from those from Vera-Cruz in having the 
XK)Storbital prominence obsolete or nearly so. 

Mr. Nelson states that in Vera Cruz this species is one of the most 
injurious of the genus to the agriculturist. At Cateinaco he found it 
in small numbers among the dry hills and x)lains on the western border 
of the lake, but in the forest on the eastern shore it swarms in countless 
numbers. At one i>oiiit the ground was fairly honeycombed with their 
tunnels, so that he sank to the knee at nearly every step. 

Hefergeomys torrid us becomes sexually mature at a remarkably early 
age. Several of the young females were mothers, and one in particular, 
though hardly half grown, has long ])endant teats that have evidently 
been nursed. This specimen (No. ()3G40) is still in the woolly pelage of 
Uie very young, and its skull, barely half the size of the adult, has not 
yet attained the mature form. The animal could hardly be more than 
three months old. Its measurements in the tlesh are: Total length, 259; 
tail vertebra*, 71 ; hind foot, 43. 

Genus MACKOGEOMYS * nob. 

(PI 5; pi. 11, fig8. 2 and 3; pi. 13, figs. IS, 19, 1>2, and 23; pi. 14, ligs. 3 and 10.) 
Tifpe Oeomys keterodun Peters, from Costa Kica. 

Denial characters. — IT pi>er premolar with four enamel ])lates, the pos- 
terior restricted to inner third; m' and m* with two enamel ])lates 
each. Last upper molar with an elongated heel and deep outer sulcus; 
inner emargination variable (slight in heterodus; deep in dolichoceph- 
alus); inner enamel plate covering half to two- thirds of inner side of 
the tooth, its posterior end nearly reaching hinder end of heel. Outer 
enamel plate variable, the posterior limb double the length of the ante- 
rior. In M. heteroduH it covers half; in dolichocephalus and vostari- 



" Macrogeomys, from ^aKpiH,, largo, great, -f Geomya, in reference to the large size 
of the animals. 
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cewiiSj three- fourths of the outer side of the tooth. The posterior loop 
or heel is greatly developed, attaiuing the maximum size known iu the 
family (about half or more than half the length of the tooth and nar- 
row, the constriction about half the breadth of the anterior prism). 

Posterior curvature of ni^ and m* and anterior curvatore of mi andm» 
strongly developed. Shaft of both upi)er and lower premolar strongly 
convex forward and very large and heavy. 

Upper incisor unisulcatej the sulcus wholly on inner third of face, 
narrow and deep; face of tooth flat on both sides of salens (fig. 20 \ 
and pi. 15, lig. 8). 

Cranial eharaeters, — Frontal broad, fiat, depressed or concave along 
the median line, deeply excavated laterally between the orbits, the 
notch immediately succeedeilby a strongly developed postorbital proc- 
ess (much larger than iu any other member of the family, fig. 17^). 
Palatopterygoids broad, short, and truncated posteriorly, the horizontal 
part comi>osed almost wholly of the palatal, the pterygoid simply cap- 
ping the end and abruptly upturned at right angles (fig. 11^). Nasals 
moderately convex, slightly or not inflated. Brain case rising high 
above posterior root of zygoma. Unfortunately there are no skulls of 
Maerogeomys iu the Department collection: hence I have been unable 
to make sections to expose the mesethmoid and turbinals. 

The lambdoid crest is straight or slightly convex posteriorly (not 
sinuous as in Platygeomt/H) and the occipital plane is flat and slopes 
strongly forward, as in lleterogeomys. 

External eyiar(w^erA\— Size large; naked nasal pad well developed; 
tail naked; pelage soft, almost silky, and with a tendency to become 
wavy ; color pattern uuKjue, bicolor : muzzle and sides of rump abruptly 
whitish; rest of upper parts dark chocolate or sepia iu marked con- 
trast. (The color pattern of the ailult M. costaricenHs and dierriei is 
unknown.) 

Oeneral remarks. — Macrogeomys requires comparison with only two 
genera, lleterogeomya and Orthogeomysy from both of which it may be 
distinguished at a glance, whether viewed from above or below. The 
most striking points of difference are the remarkably short and broad 
palatopterygoids and the strongly develoiK^d postorbital processes. 

KKY TO SPECIES OF MACROOEOMYS. 

Audital bulla normal, outer side not HattcniMl. 

SkiiU short and broad ; zy <;oniata di vcrjjent anteriorly heteroduM. 

Skull long and narrow ; zygomata parallel dolichocephalu$. 

Audital bulla peculiar, the outer side llatteued and disk-^baped. 

Jugal normal, entering largely into zygoma ckerriek, 

Jngal small, the zygoma complete above without it costaricentia 

MACROGEOMVS HETERODUS (Peters). 

(PI. 11, fig. 2; pi. U, fig. 3). 

Geomifs helerodus Peters, Monatsber. K. Preuss. Akad. Wiss., Berlin (1864), 1865, 177. 
(Translation of original description appended to present article, p. 189.) 

Type locality. — Costa Uica. Exaet locality unknown. 
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Oeofjraphiv distributityn, — The Frazu range and ])erhaps other parts of 
CoBta Rica. 

General churacters. — Size large; face of npi)er incisors deeply uuisul- 
cate, the sulcus narrow and wholly on inner side of median line; enamel 
face of incisors orange; naked nasal pad large; tail absolutely naked; 
hind feet naked, with a few stifi* hairs about the toes; fore feet nearly 
naked (shorter than hind) ; pelage moderately coarse, but not hispid as 
in G. kispidus', no external ears. Coloration peculiar, the muzzle and 
sides, including sides of rump, being conspicuously paler than rest of 
upper i>art8. 

Color. — Upper parts uniform sepia or hair brown; muzzle, under 
parts, and sides all round abruptly much paler, the pale color (asoiled 
gray) reaching higher on the sides of rump than elsewhere and includ- 
ing base of tail. 

Cranial characters. — Skull large, heavy, and rather short; zygomata 
broadly spreading, their sides divergent anteriorly, maxillary arms 
sloi)ing backward less strongly than in doUchocephalus; antero external 
angle well marked, moderately exi>anded ; jugal large and broad, its 
upper surface not covered by squamosal and maxillary arms; frontal 
broad and flat, concave along the median line between the orbits and 
deeply notched on the aides immediately in front of the large post- 
orbital processes, which latter «are capped by the apex of the alisphenoid 
and overlapped posteriorly by the anterior edge of the squamosal. 
Nasalsbroadly wedge-shaped and not inflated. The ascending branches 
of the premaxilla slightly exceed the plane of the orbits. Inferiorly the 
premaxilla reaches but does not inclose the posterior end of the incisive 
foramina. The zygomatic breadth is considerably greater than the 
greatest squamosal or mastoid breadth. I'he occipital plane is flat 
(except a vertical median ridge) and slopes moderately forward; the 
larabdoid crest is straight, slightly incurved near median line. The 
palatopterygoids are broadly U-shaped and shortly truncate posteri- 
orly, the pterygoids abruptly upturned at right angles to the palatals. 
The basioccipital has the sides parallel for the anterior half and is 
broadly wedge-shaped posteriorly. Audital and mastoid buUaB normal. 
The enamel face of the upper incisors is flat, with the sulcus deep, rather 
narrow, and wholly on inner side. Traces of the flne inner sulcus may 
also be seen in the only specimen at hand. The heel of the last upper 
molar is narrow, much elongated, and slopes strongly outward. 

Macrogeomyu heterodus diflers from M. dolivhocephaluSy the only known 
species with which it requires comparison, in the very difterent form 
of the skull as a whole, it being much shorter and broader, and in tbe 
following details: Jugal broadest anteriorly and not covered by squa- 
mosal and maxillary arms of zygoma; zygomata divergent anteriorly 
(instead of parallel); nasals shorter and not inflated; orbital borders 
of frontal not inflated anteriorly; muzzle and diastema much shorter; 
palatopterygoids less broad at base; occipital plane broader and lower; 
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mastoid bullre narrower vertically. Mandible much shorter. Heel of 
last upi)er molar longer and narrower, the outer enamel plate rea(*.h 
ing little moie than halfway from sulcus to end of heel; in dolicko 
cephnltLS it reaches all the way. 

Mea^urementft. — Peters recorded no measurements for his type speci- 
men, but Dr. Matschie has kindly measured it for me and finds the total 
length 325 mm. He states that the tail is defective. The specimen in 
the U. S. National Museum, from the Irazu Mountains, which is the 
subject of the foregoing description (a well made dry skin), affords the 
following measurements: Total length, 325; head and body, 280; tail, 
65; hind foot with claw, 45; hind foot Avithout claw, 41. 

For cranial measurements see Table F, p. 215. 

General remarks, — The only species known to me with which hetere- 
dus needs comparison is dolichooephalm^ which agrees with it in the 
abrupt paleness of the muzzle and sides of the rump. But heterodm 
differs from dolicltocephalus m having the entire under parts and lower 
sides of the same pale color as the muzzle and sides of the rump. It 
differs further (in the specimens at hand) in the tint of the upper 
parts, whi(^h is sepia or liair brown instead of chocolate brown, audio 
the cranial characters above pointed out. 

Unfortunately, Peters's description ot his G, heterodus from Costa Rica 
is brief and unaccompanied by measurements, cranial c^haracters, or 
exact locality (see next page). That his animal is the same as hispidus 
of LeConto (from Vera Cruz), as assumed by Coues and Alston, is 
exceedingly improbable on geographic grounds (in view of the remark- 
ably restricted ranges of all the tropical American species now known) 
and impossible in view of the wide difference in coloration. Peters 
described heterodun as bicolor^ the upper parts "dark brown,^ the muz- 
zle, rump, and underparts ** brownish gray or white.'' Hispidus is con- 
color and unitonnly dark. Fortunately tlie type of Peters's ft^terodus is 
extant. It is still in the Berlin Museum, and Dr. Paul Matschie of that 
muvseum has bad the kindness to send me additional notes, accompanied 
by full cranial measurements, which suffice to place its identity beyond 
(piestion. 

Through the courtesy of Mr. F. W. True, Curator of Mammals in the 
United States National Museum, I have been able to examine several 
specimens of the Geomyhhv from Costa Kica and Guatemala. Among 
those from ( 'osta liica is one which agrees in every way with Peters's 
original description of heterodus, and also with the additional particu- 
lars concerning Peters's type specimen kindly furnished me by Dr. 
Matschie. This specimen was recently presented to the museam by 
the ("osta Kica Government through its commissioners to the World's 
Columbian Exposition at Chicago in 1893. It consists of a well-pre- 
pared skin, from which Mr. True has kindly had the skull extracted. 
It is the only specimen of heteroduJi I have seen, and is the subject of 
the foregoing description. Mr. George K. Cherrie, of the Costa Bica 
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National Museum, in response to a letter of inquiry, contributes the 
following important statement respecting this specimen : " It is No. 313 
of the collection of the < Museo Nacional,' an adult male; was collected 
October 15, 1890, near Bancho Redoudo, a point on the Irazu range 
between the volcanoes Irazu and Barba, at an altitude of about 1,400 
meters. The specimen was purchased from a ^peon' and mounted by 
myself. October is the last month of the rainy season, and the month 
in which it rains hardest. 1 might also add that the species is abundant 
in the locality given above." 

Peters's original description of heterodus is as follows: "Oui* museum 
has received through Dr. Hottinann and Dr. v. Frantzius the skin with 
the perfect skull of a new species of Geomys from Costa Rica, whereby 
the geographical distribution of this genus in Central America is estab- 
lished. This species agrees best with G. mexioanus Jjicht. in size, pro- 
portion of the limbs, nakedness of the tail, and the nature of its hairy 
covering, whi(;h latter, however, appears to be somewhat shorter and 
stifi'er. The color is dark brown except on the belly, rump, and muzzle, 
which are brownish gray or white. It is, however, readily distinguished 
by the iK)sition of the deep longitudinal groove of the upper incisors, 
which does not run along the middle but between the inner and middle 
thirds of the teeth, for which reason I propose to name the species Geomys 
heterodus.^ (Monatsber. K. Preuss. Akad. Wiss., Berlin, 1864, 177.) 

Dr. Paul Matschie ha^ kindly sent me the following cranial meas- 
urements of Peters's type specimen of heterodusj which is in the Berlin 
Museum (No. 2864) : 

Greatest basal length (condyle to front of premaxilla), 61 ; basal 
length (basion to gnathion), 58; basilar length of Hensel (basion to alveo- 
lous of incisor), 51.2; greatest breadth cacross squamosals, 38; least 
breadth between postglenoid notches, 27.5; least interorbital breadth, 
11; breadth across postorbital processes, 15.25; height of cranium above 
palate, 24; height above basion, 17; length of upper molar series on 
alveoli, 14; length of diastema, 22.5; length of single mandible (condyle 
to front of jaw between incisors), 44; breadth across angular processes, 
40; distance from condyle to end of angular process, 13; breadth of 
muzzle just in front of zygoma, 15. 

MACROGEOMYS DOLICHOCEPHALUS sp. uov. 

(PI. 5; pL 10, fig. 7; pi. 13, fig. 19.) 

Type from San Josk, Costa Rica. No. AWs <? »<!• Collected January, 1866, by 
Jos^ C. Zeledon. 

Geographic distributum. — Vicinity of San Jose, Costa Rica. Range 
unknown. 

General cJiara^cters. — Size large. Animal similar to M, heterodus; face 
of upper incisors deeply unisuleate, tlie sulcus narrow and wholly on 
inner side of median line (pi. 15, fig. 8); enamel face of incisors orange; 
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naked nasal pjul lar^e;* tail absolutely naked; hind feet naked, witli a 
few stiff hairn al)out the toes; fore feet nearly naked (shorter than bind); 
X>elage moderately coarse, but not hispid as in Heterogeomys hispidu9; 
no external ears. Coloration |>eculiar, the muzzle and sides of ramp 
conspicuously i)aler than rest of ui)per parts, as in hei^odus. 

Color. — Upper parts dull (*.hocolate brown, except muzzle and lower 
part of rump, which are buffy in conspicuous contrast, but withoat line 
of demarkation. (The bufiy of the rump surrounds the base of the tail 
and reaches further anteriorly on the sides than along the middle of the 
back.) Under parts similar to back but paler, without line of demar- 
kation; wrists and ankles pale. No dark patch around ears. 

Cranial characters, — The skull of Ma^erogeomys dolichocephalwty in 
addition to the generic characters which associate it with M. h^terodwfj 
is remarkable for its length and narrowness, the zygomatic breadth in 
an old male (the type specimen) being only 58 percent of the total 
length (from condyle to iioint of premaxilla), and the greatest squamo- 
sal or mastoid breadth only 57 i^ercent. The opposite extreme is found 
in the genus Platygeoniys, in which the corresponding ratios in P. gym- 
nnrus are 71 and 75. 

The zygomata arc not only very narrow, but present the appearance 
of having been drawn out while in a i)lastic condition. The maxillary 
arms slope strongly backward and are broadly rounded off without 
tHR'e of angle or of angular expansion at the usual place, though 
there is a slight expansion about the middle of the outer side of the 
aiih, encroaching on the orbit o- temporal fossa, which it constricts in 
the middle o])posite the large postorbital processes — a step toward the 
(litterentiation ot these two fossie from one another. The jugal is 
broad, short anteriorly, narrower at both ends than in the middle, 
and IS overlapped by the maxdlary and squamosal arms of the 
zygoma, which nearly or quite meet above it. The frontal is grooved 
medially between the orbits and is somewhat inflated along the 
margin of the orbits behind the lachrymal bones, in this respect 
resembling 0. grandts of Thomas, though the inflation is much less 
extreme. The sides of the frontal are deeply notched immediately in 
front ot the large postorbital processes. The nasals are wedge-shaped 
as in heterodm, but longer and slightly inflated anteriorly; they are 
broadest near junction of middle and anterior thirds (in the 6 only). 
The ascending branches of the i>remaxilla barely reach the plane of 
the orbits. Inferiorly the premaxilla reaches the posterior end of, but 
does not inclose, the incisive foramina, as in heterodus. The zygomatic 
breadth is only a trifle greatei than the mastoid breadth. The occipital 
plane is Hat, high, and slopes strongly forward; the lambdoid crest is 
slightly convex posteriorly. The palatopterygoids are very broad and 



In an alcoholic specimen (No. 14t)i> IJ. S. National Museum) the uMal pad or eal- 
loMity 18 broad and rather short, not reaching posteriorly behind plaue of upper 
incisors. 
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short. (In the male skull the pterygoids are broken off; in the female 
they are abruptly upturned, as in heterodus,] The basioccipital has the 
sides parallel in the anterior half and is broadly wedge-shaped poste- 
riorly. The height of the cranium above the palate is unusually great, 
and the zygomata do not descend below a plane drawn midway of the 
height of the skull. The audital bulhe are normal and rather short, 
plump, and well rounded anteriorly. The brain case seen from above 
is subcylindric in shape, in which respect it resembles Orthogeomys, 
The nasals end in front of the plane of the zygomatic arches, while the 
premaxillie reach the plane of the orbits, causing an unusual elongation 
of the median part of the frontal in order to articulate with the nasals. 
The mandible is long and narrow. The enamel face of the upper incisors 
is flat, the sulcus deep, narrow, and wholly on inner side (fig. 20'). 

A young female of M. dolichocephalua (No. 36820) differs from the old 
male above described (30296) in the following particulars: The skull as 
a whole is very much smaller (see table of cranial measurements) ; nasals 
very much shorter, flatter, and broadest anteriorly (instejid of at junc- 
tion of middle and anterior thirds) ; temporal imjiressions distant (inter- 
space 3 to 4 mm broad); brain case less cylindrical (owing in part to 
greater depth of constriction running obliquely upward from posterior 
root of zygoma to occiput, and in part to a slight bulging upward of the 
middle of the brain case) ; basiocciiutal narrower. The top of the skull 
in profile is not a straight line, the brain case presenting a slight con- 
vexity behind the orbits, while the interparietal and occipital crest fall 
below the plane of the upper surface as a whole. In both sexes the 
anterior part of the nasals is strongly decurved. 

M. dolichocephulus differs markedly from ^f. lieterodm^ the only species 
with which it requires comparison, in the general form of the cranium, 
which is narrow and greatly elongated; in the narrow, drawn-out 
zygomata, withoitt trace of angular projection or expansion ; in the nar- 
rower jugal, which is covered above by the anterior and posterior arms 
of the arch, which meet or nearly meet above it; in having the zygo- 
mata parallel (instesid of divergent anteriorly); the nasals l<mger and 
somewhat inflated anteriorly ; the muzzle and diastema much longer; 
<. the palatopterygoids broader at base; the occipital plane higher and 
less broad; the mastoid bullae much higher vertically ; and the mandible 
much longer. 

Measurements (of type specimen, 6 ad., from dry skin): Total length, 
alH)ut 380 (approximate, as the tail was not wired and is shrunken); 
head and body, 310; tail, about 75 (approximate only); hind foot, 48; 
without claw, 45. 

Measurement of a young female from Costa liica, preserved in alcohol 
(No. ma 9 yg. ad., U. S. National.Museum, collected by Jose C. Zeledon 
and received in October, 1884): Total length, 310; tail, 74; hind foot, with 
claw, 49; without claw, 43; forefoot, with claw, 45; without claw, 3.3. 

For eranial measurements see Table F, p. 215. 
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General remarka. — Externally Macrogeomys dolichocephalus resembles 
M. heierodus in the peculiar paleness of the muzzle and sides of thr 
rump (in strong contrast to the color of the rest of the upper parts), but 
differs from heterodun in not having the lower part of the sides and belly 
of the same pale tint. On the other hand, the pale color of the rump 
reaches a little further forward on the dorsal surface. There is a slight 
difference also in the tint of the upper parts, the color being dull choco- 
late brown in dolicJiocephaluSj while it is sepia or hair brown in heterodus. 
The important cranial differences have been ]ioiuted out. 

The alcoholic specimen already mentioned (No. 14G(>6) is a female, and 
although not fully adult, has borne young, as shown by the large peu 
dent nipples. The teats are: i>ectoral i, inguinal | = |, as usual in the 
group. The pectoral pair are situated on the sides immediately behind 
the fore legs. The inguinal pairs sire not on the belly at all, but on the 
inner aide of thr. thiffhs jvoit below and outside of the belly. 

The grcjit callosity at the hinder edge of the wrist is made up of two 
large tubercles resembling kernels of corn placed side by side and cov- 
ered by common integument. 

MACROGEOMYS COSTARICENSIS sp. uov. 

(n. 11, fig. A; pi. 13, fig. 23; pi. 14, fig. 10.) 

Type from pAcrARE, Costa Rica. No. ijli'H j»v. IJ. S. National Museum. Collected 
in 1876 by Juan Coojier. (Original No. 96.) 

General vharacterH. — Upi)er incisors with a single deep sulcus wholly 
on inner side; pelage in type specimen (immature) short and silky, 
suggesting the line crinkled pelage of Didelphin murina; tail and hind 
feet naked ; a conspicuous naked pad on end of nose. 

Color. — Upper parts uniform dark-brown, not paler on nose and 
rump; underparts abruptly whitish. The type and only known speci- 
men has a large symmetrical white spot on top of the head, occupying 
about thrceiourths of the area l>ounded by the eyes and ears.* 

Cranial characters (of immature skull, pi. 11, fig. 3). — Similar in a 
general way to an immature 9 skull of M, dolichocephalus (No. 36820), 
firom which it differs in the following particulars: Nasals very much 
broader throughout, particularly i>osteriorly; space between posterior 
ends of ascending arms of promaxilla about twice as broad; zygomata 
standing out more squarely, nearly at right angles to axis of skull, 
with anterior angle abruptly rounded; jugal narrower; palatoptery- 
goids shorter and broiider ; basioccipital very much broader and wedge 
shaped, its inferior surface not excavated by audital buUse; audital 

'The white crown patch of coataricensis was at first belieyed to be abnormal, 
ailing in the saiut) category with the irrc^jular white blotches frequently found on 
the throat and sometimes at the biiso of the tail, in various species of pocket 
gophers. But the fact that the spot is bilaterally symmetrical, and is repeated iu 
the cmly specimen known of a closely allied species, cherriei, points to its perma- 
nence, at least as a mark of the young 
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bulla peculiar, compressed, the outer side strongly flattened, more 
smoothly rounded, somewhat disk-shaped, and separated from the 
mastoid bulla inferiorly by a distinct groove. The only other known 
species of the family having a similar audital bulla is Mttcrogeomys 
cherriei of Allen. Both are known from single specimens only, and 
both are too young to show all of the characters of the adult. Their 
specific distinctness will be apparent at a glance at the accompanying 
cut (fig. 67) showing the differences in the jugals. The palatoptery- 
goids also are different. The palatopterygoids of M. cosiaricensis are 
shown on pi. 14, fig. 10, but the figure is inaccurate; in the specimen 
they are shorter and broader, more nearly as in fig. 3 of the same 
plat«. The pterygoids of cherriei are broken, but the remaining base 
shows that they are considerably more slender. 

In M. cosiaricensis the jugal is much shorter than the basioccipital 
(measured from condyle) and is wholly inferior, the maxillary and 
squamosal roots of the zygoma meeting above it and on its inner side, 
so that when viewed from the inner side it appears only as a narrow 
edge with the apex upward (fig. 67, % In position and relations, 
therefore, it resembles Zygogeomys trichopusy though considerably 
broader than in that species. 







Fio. 67.— Zygomatic archea of Maerogeomyt eosUtrie&ntit (3 and 4), and Jf. eherriei (1 and 2). 1 and 3 

oater side; 2 and 4 inner side. 

Measurements. — ^Type specimen (probably not more than two-thirds 
grown) from dry skin: Total length, 330; tail (apparently stretched), 
100 from point assumed to be over first caudal vertebra, 80 from 
apparent base; hind foot, 37 (without claw, 33). 

For cranial measurements see Table F, p. 215. 

General remarks. — ^This singular species, for the privilege of describ- 
ing which I am indebted to the courtesy of Mr. F. W. True, Curator 
of Mammals in the U. S. National Museum, is represented in the 
collection by an immature specimen only. At first it was supposed to 
be the young of M. dolichocephalusy but comparison of its skull with 
that of doliohocephalus shows numerous points of specific difference, as 
above mentioned. While the peculiar texture of its pelage may be 
due in part to immaturity, this explanation fails when applied to the 
cranial characters which, as described above, are numerous and strik- 
ing and of such a nature that most of them would be accentuated by 
age. In external appearance the animal bears a striking resemblance 
to the young tyx)e of Macrogeomys cherriei, 
7433-N o. 8 13 
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MACROGKOMYS CHERRIEI (AUen^ 

(PI 15, fig. 1.) 
Geomys cherriei Allen. Ball. Am. Mus. Nat Hist., V, 337>338, Dec. 16, 1893. 

Type from Santa Clara, Costa Rkja. ]No. 664 S ini, Museo Kacional 
de Co8ta Rica. Collected in October, 1892, by George K. Cberrie. 

General characters. — Naked nasal pad lai'ge; tail and hind feet naked. 
Similar to Macrogeomys eostaricensvt in size and coloration, inclading 
tbe white bead patch, but diftering in important cranial characters. 

Color (of type,juv.).— Upi)er x)^i'ts veiy dark plumbeous or sooty 
brown; under parts abruptly paler, with distinct line of demarkation; 
top of head between eyes and ears pure white. 

Cranial characters (irom skull of type, but little more than half grown, 
pi. 15, fig. 1).— The skull of 3/. cherriei agrees with Heterogeamys 
hispidus in general form, in the widely-separated temporal impressions; 
the broad and liat frontal, depressed between the orbits; the flat 
forward-sloping occipital plane; the form of the zygomata; the inflated 
nasals, and the short and coinpact under jaw, with short angular pro- 
cesses. But it is so young that one must be cautious in placing much 
stress on characters that vary with age. It differs from H, hispidus 
and agrees with M. costaricensis in the convexity of the anterior part 
of the roof of the brain case;* in the peculiarly flattened and smoothly 
rounded audital bulla% which are separated from the mastoid bullae by 
a distinct inferior transverse groove; and in the long heel of the last 
upper molar, it differs from costaricensis in the size, form, and rela- 
tions of the jugal (as shown m fig. (>7), in narrower palatopterygoid 
linguhv, and in a narrower gap behind the nasals (between posterior 
ends of ascending branches of premaxilla). The jugal is large and 
long, and nearly half of its upper edge enters into the orbital fossa; it 
is not covered anteriorly by the maxillary arm of the zygoma, and its 
total length is greater than that of the basioccipital (measured from 
condyle). In M. costaricensis the jugal is much shorter than the basi- 
occipital (measured from condyle), and is completely covered by the 
maxillary and siiuaniosal arms of the zygoma, which meet above it (fig. 
67). It differs further from costaricensis in the shape of the horizontal 
part of the zygomatic arch, which is not strongly convex upward, and 
lacks the ccmstriction tending toward the separation of the orbital 
from the temporal fossa. The large or bi to-temporal fosste are broadest 
acToss the middle— just where they are narrowest in costaricensis. 

Measurements, — Hind foot, with claws, 39 mm. (in dry skin). No 
measurements were recorded from the flesh, and the specimen is far 
from full grown. 

For cranial measurements see Table F, p. 215. 

General remarks.— Through the courtesy of Dr. J. A. Allen, Curator 
of Mammals m the American Museum of Natural History of New 

* it iH probable that th<^ suddle-nhaped frontal of coataricensU and cAerrtet is tbe 
result of immaturity, since a .vonng skull of G. trichoput (No. 501Q4) showi the aain^ 
peculiarity, though m less degree. 
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York, I have been able to examine the only specimen known of this 
sjiecies. It belongs to the Maseo Nacional de Gosta-Kica, and was 
loaned Dr. Allen by Mr. George K. Oherrie, who collected it at Santa 
Clara, Costa Eica, in October, 1892. It is a male, and, like the type of 
costaricensis^ is immature. It resembles the latter in having a large 
pure-white patch on top of the head,* in the large size of the naked 
nasal pad or callosity, and in the nakedness of the tail and feet. The 
bind feet are absolutely naked; the forefeet are naked except for the 
presence of a few long hairs about the toes. The color of the upper 
parts is somewhat darker than in costaricensis. The specimen is so 
young that some hesitancy is felt in its generic assignment. It may 
be a Heterogeomys instead of a MaerogeomySj though this is exceedingly 
improbable. 

Genus ZYGOGEOMYSt nob. 
(PI. 6; pi. 13, fig. 24; pl.l4,fig.l; pi. 15, fig. 10; pl.l7,fig.2; pi. 18, fig.2; pi. 19, fig. 4.) 

Type Zygogeomys trichopus sp. nov., from Nahuatzin, Michoacan, 
Mexico. 

Generw characters. — IJp])er premolar with four enamel plates, the pos- 
terior restricted to lingual third ; upper and lower premolars subequal in 
length; shaft of upper premolar slightly convex forward. 

First And second upper molars with two enamel plates each, the 
posterior failing on outer side. Third upper molar an incomplete dou- 
ble prism; crown much longer than broad; heel well developed, broad, 
narrowed on outer side only; sulcus on middle of outer side; absent 
on inner side. Inner enamel plate covering two- thirds to three-fourths 
of inner side of tooth, straight, reaching end of heel posteriorly; outer 
etiamel plate covermg about half or a little less than half of outer side of 
tootb, its anterior half bent strongly outward. Interspaces broadly 
open, the posterior broadest, directed backward, and often forming a 
sort of everted lip (fig. 27^). 

Upper incisors bisulcate; principal sulcus on inner side of median 
line; minor sulcus on inner convexity (see fig. 22* and pi. 15, tig. 10). 

Cranial chara^cters.X — Cranium as a whole long and narrow, the zygo- 
mata not widely spreading, slender, antero-external angle rounded and 
not expanded; zygomatic arch normally complete without Jugal, the 



• The white crown patch of cherriei and coftfaricensis was at first believed to ba 
abnormal. ))ntthe fact that the spot is bilaterally syinmotrical, and is repeated in 
the only specimen known of Macrogeomys coHtaricensiHy which is likewise young, sug- 
gests its possible permanence, at loa^t as a mark of immaturity. 

^ ZyoogeomySf with reference to the unique character of the zygomata. 

J Owing to the extreme difficulty of discriminating generic from specific charac- 
ters in animals presenting such extraordinary cranial variations as the Mexican 
Geomyida, it is thought best in descriptions of genera, of which only a single species 
is known, to record all of the characters that seem entitled to more than specific 
weight. The generic diagnosis here given, therefore, errs on the side of fullness. 
The future diseovcry of additional species will promptly reduce the number of 
cl&aracters. 
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maxillary and squamosal arms coming iu contact above it; jn^al radi- 
mentary, inferior and chiefly external; rostram long and narrow; tem- 
poral impressions meeting in a short but well-developed sagittal crest; 
palatine bones contracted at base of pterygoids; pterygofids vertical 
lamellae as in Thomomys, meeting or nearly meeting in median line 
behind palate. Premaxilla not inclosing incisive foramina, which is 
bordered posteriorly by the maxilla. 

Mandible rather long and slender, much as in Oeamys bursarins; 
orbitosphenoids relatively larger than in any other genus of the fam- 
ily, closing the upper part of the sphenoidal Assure (except a foramen 
at apex) and ankylosed broadly with the alisphenoid (pi. 17, fig. 2), as in 
some species of Thomomys; sphenoid fossae correspondingly shortened, 
reaching only halfway from horizontal part of alisphenoid to base of 
cribriform plate; mesethmoid quadrangular, much longer than high 
^pl. 18, flg. 2); endoturbinals collectively subquadrate, but with antero- 
superior corner rather sharply elongated, projecting into posterior 
emargination of nasoturbinal ; the os planum spreading forward in 
front of fourth endoturbinal about as far as length of latter (pi. 19, flg. 4). 

General remarks. — Zygogeomys presents the unique combination of 
distinctly bisulcate incisors with remarkably short sphenoid fossae and a 
type of zygomatic arch heretofore unknown in the whole order Bodentia. 
It presents further an exceptional degree of coossiflcation of the 
component elements of the skull. The occipitals, parietals, frontal, 
ethmoid, squamosals, alisphenoids, maxilla, palatines, and pterygoids are 
ankylosed together; and the basisphenoid, presphenoid, and orbitosphe- 
noids are ankylosed' together. Furthermore, the two resulting complex 
masses are firmly united by ankylosis of the orbitosphenoids with the 
alisphenoids. The coossiflcation is sometimes carried even further by 
the fusion of the anterior and posterior arms of the zygoma, and the 
union of the }>reniaxilla with the maxilla and nasals. The sutures that 
remain open are between the basioccipital and basisphenoid; between 
the frontal on the one hand and the nasals, premaxillaries, and maxil- 
lary root of the zygoma on the other; between the maxilla and 
frontal anteriorly, and maxilla and alisphenoid posteriorly. The 
result of these extensive ankyloses is that in old age all of the 
bones of the cranium except the mandible are inseparably bound 
together — if not directly in every ease, then in a roundabout manner. 
Zygogeomys thus occupies an anomalous position in the fiunily. 

ZYGOGEOMYS TRICHOPUS sp. nov. 

(PI. 6; pi. 13, fig. 24; pi. 14, fig. 1; pi. 15, fig. 10.) 

Tifpefrom Nahuatzin, Micuoacan, Mexico. No. 50107 ^ ad., U. S. National Mnseam, 
Department of Agricnlture collectioD. Collected October 11, 1892, by £. W. 
Nelson (original No. 3571). 

Geographic distribution, — The Sierra Madre of Michoacan, from Pats- 
cuaro to Nahuatzin; strictly limited to the pine zone, between the alti- 
tudes of 6,800 and 9,500 feet (map .P). 
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General ekaraeters. — Size large; tail rather long, entirely naked from 
base; a conspicuous naked pad at end of nose; fore feet and claws 
shorter than hind ; upper surfaces of both fore and hind feet densely 
covered with hair, completely hiding the skin ; color very dark. Cra- 
nial characters marked; maxillai*y and squamosal arms of zygoma meet- 
ing above the jugal, which is greatly reduced. . 

Color. — Upper parts varying from dark slate to rich seal-brown, 
glossy, and finely mixed with a very thin wash of ferruginous, espe- 
cially on the sides; underparts dark plumbeous washed with fulvous; 
upper surfaces of hind feet slate-gray, sometimes varying to white; an 
irregular patch of white on throat. Some specimens lack the ferrugi- 
nous wash and are glossy slate-black. Some have an almost metallic 
luster. 

Cranial characters.* — Skull, as a whole, long and narrow; zygomatic 
arches contracted, slender, not expanded at antero-exterual angle; com- 
plete without jugal, which is much reduced in size, the maxillary and 
squamosal arms meeting above it f ; rostrum and nasals long and narrow ; 
temporal impressions meeting in a short but well-developed sagittal 
crest; palatine bones contracted at base of pterygoids; pterygoids ver- 
tical lamellae as in Thamomys; occipital plane nearly vertical, about 
twice as broad as high; mastoid bullse fuller and more rounded poste- 
riorly than in Oeomys; audital bulte of moderate size, similar to those 
of Oeomys bursarius; premaxilla ending below at middle of incisive for- 
amina (instead of surrounding them, as usual in the family) ; postpalatal 
pits rather narrow, elongated and shallow, reaching anterior plane of 
last molar; mandible rather long and slender, much as in Oeomys 
bursarius; angular processes moderate; condylar process rather short; 
coronoid xyrocess long, its tip overhanging front of condyle. 

Measurements (taken in flesh). — Type specimen, S ad. : Total length, 
346 ; tail vertebne, 115 ; hind foot, 46. Average of three adult males from 
tyi>e locality: Total length, 342.6; tail vertebrje, 111; bind foot, 45.8. 
Average of seven females from type locality: Total length, 322.7; tail 
vertebrae, 105.8; hind foot, 42.8*. 

For cranial measurements see Table C, p. 209. 

Specimens examined. — Total number 12, from the following localities 
in Michoacan, Mexico: Kahuatzin, 10; Patzcuaro, 2. 

Oeneral remarks. — Mr. Kelson found these remarkable animals pretty 
generally distributed over the wooded mountain slopes except where 
the timber is dense. They are most numerous about the borders of 
small grassy parks and in the more open parts of the forest. In places 
where the land has been cleared in these mountains they infest the culti- 

* Owing to the circamstance that only a single species of this remarkable genua 
is known, it is nnsafe to attempt to discriminate sharply between generic and spe- 
cific characters. For this reason many of the characters given in the generic descrip- 
tion are here repeated. 

tin some specimens the union is not quite complete. 
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vated fields and do considerable damage to the coro, wheat, and pota- 
toes of the Indian farmers. 

GcDus TH0M0MY8 Hfti Wied, 1839. 

(Text flfts. 31\ 33^ and 6S-T1.) 

Type TAomomyf m/etrMi Hai Wied. Tjpe locality ouknoini. 
Tkomamgt Uax Wied, Nova Acta Acad. Cman. Loop.-Carol. Vol. XIX, pt. i., 1839, 
377-384. 

Upper and lower molars, including m', with two enamel plates each, 
one anterior and one posterior (figs. 31' and 32**). Up|ier incisor with 
sulcus normally very small and close to inner edge of tooth {fig. 23, p. 
72), or absent. In a few species it is relatively large and deep, as in 
T, monticola of Allen. 

Orbital plates of frontal not meeting inferiorly behind cribriform plate 
of ethmoid, but broadly sep^ated by orbitosphenoids (fig. 11, fro). 



Fios, tS-71.— Tlkomon^ii buIMMnu. ? 




SB. Tcrtiul1oJ)!ltDdlnBl BWtiOD of front otaknll. ahovlDg tarbinaled boDM. Forksy Mwllg. lo. 



flS. Tertlrid loDgiiudlDil 




of sknll. mewlhrnnld and vomer In pUee. Torkay M 



Tlie acirompanyiiig cuts (figs. 6K-71) show the relations of the serersl 
bones fbririing the floor of the brain case, and also those of the nasal 
chamber, in Thomomys bulbiroritH of Richardson. In this species the 
incisors project much further torward than usual. The various S[>ecJes 
differ considerably in important cranial characters, aa will be shown in 
a8])eifial pajier on the siwcies of ThoiiinmyH. The geographic distribu- 
tion of the group as a whole i^ shown on map 1, A. J 
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Exterually Tkomomys differs from at) the other gent^ra of tlie Oeo- 
myUia: in the rehitively small size of the fore feet In this respect, and 
in the faint solcation of the incisors, the presence of two enairicl plates 
on each of the molars, above and below, and in numerous cranial char- 
acters it is much less highly si>ecialized tbau most members of the 
family. 
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APPENDIX. 



(A ) Status of Geomys mexicantts Anct 

The earliest description that I have seen of auy member of the 
family Oeomyidce was published by Fernandez in 1651, and relates to 
a Mexican animal called by him the Tncan or Indian mole.* Nearly a 
centnry and a half later Kerr bestowed the name Sorex mexicanus upon 
Fernandez's Tucan without having seen a specimen (Kerr, Animal 
Kingdom, 1702, 207-208). It is not surprising that Kerr followed 
Fernandez and Bufl'on in pliicing the animal among the moles,t misled 
by its projecting incisors and habit of throwing up little mounds of 
earth along the course of its subterranean galleries. 

The animal seems to have been first referred to the genus Oeomyshy 
LeConte in 1852 (Proc. Phila. Acad. Nat. Sciences, 1852, p. 160). 

In 1827 Lichtenstein described, under the name Ascomys mexicanm^ 
three specimens of poi'ket gophers collected by Deppe on the table- 
land of Mexico, but the exact locality whence they came is unknown 
(Brants Muizen, 1827, 27-31). The specimens differed greatly among 
themselves in color, as originally described by Lichtenstein, and their 
cranial measurements, kindly furnished me by Dr. Matschie, show that 
they belong to at least two different genera. The case as it stands, 
therefore, seems to be as follows : Lichtenstien's mexicanus is composite % 



'Fonowing is a traaBlation of tlio original description: ^'On tho Tacan, or a 
certain kind of Indian mole. Chap. xxiv. [Tlie Tiicau] is ap])arently a species of 
mole 9 inches in len^^tb, and eqnaling the humeriiH of man in size; it is fleshy, fat, 
and furnished with snoh short logs that it almont touches the ground with its belly ; 
hair, fulvons; tail, short; claws and nails, long; snout, murine; ears, small and 
round; front [teeth], two above and same in number below, considerably oxserted 
and curvoil inward; [the other teeth], though much smaller, are very strong. When 
fat the flesh is edihle, of ])leasant taste, but causes stupor. * " *.''— (Francisco 
Fernandez, Historia) Animaliura et Miuoralium Xovnp Hispanite, Liber i, 1651, pp. 7-8.) 

tAU the American moles were at that time placed with the shrews in tho genus 
SoreXf the genera ScahpSf Scapanusj and Condylura not having been proposed until 
sometime later. 

t From the cranial measurements kindly furnished me by Dr. Matschie, and now 
for the first time priblished, it is evident that one of Lichteustein'a specimens was a 
Platygeomya closely related to, if not identical with, the animal here described as 
P. planieep$, 
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and is preoccnpied by mexieanus of Kerr (1792). The latter is unident- 
ifiable, the vague description applying equally well to several apecies. 
It being clearly impoasible to nse the name tnexicaniu, it shonld be 
dropped from the group. 

»/ heo of LichUntltin'i Igpt »ptelm«n> of Aaeomyt 
[Heunnd by Dr. Faal UaUchle.) 
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and is preoccnpied by mexicanus of Kerr (1792). The latter in unideDt- 
iflable, tfae vague deacription applying equally veil to several Bpecies. 
It being clearly impossible to uae the name mexieanui, it should be 
dropped from the groap. 

Cranial M«imimii«ii(* of two uf Li«ktentUiit'» typt BptoimtnM of Amowty 

(Uaunnd by Dr. Paul MBtachla.) 
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Adaptation to subterranean life. 15. 

AUaphenoid bone, 43-45. 

canal, 36, 43. 

Aseonjrt (synonym of (Jeomys), 109. 

canadensis, 120. 

nexleanas 201 . 
Basioccipital, 40. 

Bmsisphenoid, 43. 

Brain case, floor, 35. 

Callosity, nasal, 18. 

Canal, alisphenold, 43. 

infraorbital. 39, 55. 

Cheek poaches, 18. 

muscles, 101. 

Color phases, 19. 

Cranial variations, 63-G8. 

Cranium. (iSe« Skull.) 

Cratofreony t : 

Genus, defined, 150-151. 

Key to species, 151. 

Cntof eomy castanops, 159. 160. 

cranial nieaHuro 

ments, 211. 

castanops goldmani, 160, 161. 

cranial meaM- 

nreniouts, 211. 

estor^ 155, 156. 

cranial measurements, 210. 

ftilTescens, 161, 162. 

cranial measure- 

ments, 211. 

■Mirianl, 151-153. 

cranial meaeuro- 

mental. 210. 
oreocetes, 150, 157. 

cranial measurements, 

211. 

peregriBBS, 158, 159. 

cranial measurements, 

211. 

perotensls, 154, 155. 

cranial measurements, 

210. 

Cribriform plate. 50. 

Bental armature, 69. 

Bigastrio muscle, 100. 

DIplostona (synonym of Oeonys), 109. 

ftisea,120. 



Dynamics of catting machine as a whole, 88-97. 
incisors, 89, 00. 
molars, 90-93. 
Ectoturbinal, 52. 
Enamel in incisors, 70. 
in molant, 78-83. 
in premolars, 78. 
Enamel cap in young teeth, 84-87. 
Enamel organ. 87. 
Eudoturbinal, 52. 
Ethmoid, 50-^2. 
Exoocipital, 41. 
Feet, 15. 

Fissure, sphenoidal, 36. 
Floor of brain case, 35. 
Food, 19. 

treatment of, 98. 
Foramen ovale, 39, 45. 

rotundum. 39.45. 
Fossa, olfactory, 35. 
pU^rygoid, 36. 
sphenoid, 35. 
sphcno-pterygoid, 36. 
Frontal, 49, 65. 

descending platen, 35, 49. 
Geographic distribution, 26. 
(Jeomys: 

Genus defined, 109-112. 
Key to si>ecies. 113. 
Qeomys arenarlas, 139-141. 

cranial measurements, 207. 
bterlceps, 129-133. 

craiiial measurements. 205. 
brerlceps attwaterl, 135-137. 

cranial measure- 
ments, 205. 
brerifeps sagittalis, 134. 

cranial measure- 
ments, 205. 

bulleri, 147. 

cranial measurements, 214. 

bnrsarius, 120-127. 

cranial measurements, 204. 

canadensis, 120. 

castanops, 159. 

cranial measurements, 211. 

cherrlei, 194. 

cranial measurements. 215. 
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in joung. es. 
Morphology of akull, a3-«3. 

M» hum rill >, 1^. 
Iidoilrluva, ltd. 
■Mratet, IM. 

M iiKli'ii, clBidn.iiuatoiil, 102. 
dlgutrlc 1(W. 
Hilemsl plerj'gnld. 100. 
inlemal plerjgoid. 100, 
Ifttiaaliaiu dorsl, lOS. 
miwetrr.W-lOO. 

Infloance on Hki 
101-10«. 
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HitFTogroMja, 1 
ltMent*emj*, if 
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PlafirwuHr*. I& 

Lacnrymal, S7. 

Laoilxloid crest, aa. 

iMro^oaya : 

lirnua drSnod, ISS-lsa. 
Koy to speolta, IM. 



tniwilna. lo£. 
tf DKles of clieek poucbM, 101. 
hud uid neck, 102. 
jaw. BS-lOl. 
^arial puaa^ 30. 
«uaal1«nH,S7-58. 

iaao-tiirbinal. M. 
Ocaipul.0S. 

.>»|>liciini>l.48-<«. 
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Teeth, enamel, Uynamica, 93-97. 
incison, 70-72. 

dynftmics, 89. 
young, 83. 
nuumer uf attachment, 88-90. 
molars, 74. 

dynamica, 90-93. 
enamel platea, 78-80. 
young, 8&- 87. 
last upper molar, 70-77. 
enamel, 78-83. 
premolars, 72-74. 

decidiiouri, 83. 
enamel platea, 78. 
permanent young, 84. 
Temporal impreaaionis 39, 42. 

* rouacle, 99. 
Tentorium (absent), 39. 



TkoMonys, 19B-199. 

Tongue, 18. 

Turbinala, 57. 

Tympanic bulla, 33, 5a-59. 

TympanO'periotic capsule, 56-4K)i 

Typeloc«Uti6a,25. 

Variation: 

Cranial, oa-08. 

Individual, 21. 

Seasonal, 20. 

Sexual, 20. 
Vomer, 52. 

Vomerine sheath, 59. 
Kygogeonys, genus defined, 196-198. 
Zygoge^aiys trichomas, 196-197. 

cranial meaanrementa,200. 
Zygomatic arch, 34. 
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PLATE 1. 
(All iiatiirni size.) 



Geomya hurnariHs (Shaw). Knoxville^ Iowa. 
(No. 2772 (^ atl. Merriam collection.) 




Knrth Amgncan Fiuna.No.S. 




Geomys bursarius (Stiaw) 
Knoxvillv.lovra. 
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PLATE 2. 

(All natural size.) 

Cratogeomys merriami (Thomas). Lemia, Mexico. 
(No. 50110 S ad. U. 8. Nat. Mus.) 



Narth AmarJMn Fauna, Ho. 8. 




Geomys mcrriami Thomas 
Lerma. Mexico. 
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PLATE 3. 

(All iiatiirnl size.) 

Platifgeomya ffymnHruM "Sifirritim. Za)M)tlaii, .laliiMro, Mexi(M>. 
(No. 45611 <f a<l. U. S. Nat. Mu8.} 



HfthAmarican Fauna, Hd.8 




G E o M Ys GYM N u R u s MefTiam 
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lxo.8. 



PLATE 4. 

(AH natural nize.) 

Heterogeomya hispiduH (LeConte). Jico, Vera Crnz, Mexico- 
(No. 55343 U. i5. Nat. Mus.) 



% 
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Geomys hispidus. LeConte 
Jico.Vara Crui. Mexico. 
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PLATE 5. 

(All natural size.) 

Macrogeomtfs doHchocephalus sp. nov. San Jose, Costa Rica. 
(No. 36295 ^ ad., II. S.Nat. Mus.) 






GEOMYS DOUCHOCEPHALUS sp.nov. 
San Jose. Costa Rica. 
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PLATE (J. 

(All uatnral size.) 

Xilfj»ll*'(nnyH irU-hopiiH 8]i. iiov. Nahuatziii. Micboucaii, Mexico. 
(No. 50107 i aa.. U. S. Nat. Mu8.) 




Hnth Amtrican Fauna, No.B. 





Geomys trichopus Merriam 
Nahuaim.Michoacan.Maiica 
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PLATE 7. 
(All iiiitnrul size.) 



1. a eom 1/8 iuza (On\) ^ ad. Auj^iista, Ga. (Tyi)o locality). 

(No. 58639 U. S. Xat. Miw.) 

2, 5.6. O. iuza mohileniiia ^ ad. Mobile Bay, Alabama. (Tyi»o locality). 

(No. 46024 r. S. Nat. Mus.) 

3 and 4. G. iuzafloHdanus ^ ad. San Matoo, Fla. 

(No. 6512 i ad. and 6514 ^ old, Merriam collection.) 




Hsrth Amarican fiuna,No,8. 




I.GCOMYS TUZA=< 2.5&6.G.M0BIL£NSIS^ 3&46.TUZA FLORIDANUS / 



^ 
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PLATE 8. 

(AH natural size.) 

1 «& 2. Craiogeomyn oreocetes sp. iiov. 9 »<1- Mount Pupdcatapetl, Mexico. Tj^pe. 
(No. 57963 IJ. 8. Nat. Mus.) 

3. C. peregrinuH H\>, Uiiw 9 ad. Mount Iztaccihuatl, Mexico. Type. 
(No. 57964 U. S. Nat. Mus.) 

4 &. 5, C. caior sp. nov. Las Vigas, Vera Cruz, Mexico. 

(4 = No. 54306 9 ad. and 5 =51308 ^ ad. U. S. Nat. Mua.) 

6. C. perotenHis sp. nov. 9 JwL Cofre de Perot**, Vera Cruz, Mexico. 
(No. 54299 U. S. Nat. Mus.) 



Hdrth Amarican Fauna, No.S. 




I &2 t ad GeOMYS OREOCETES 
1-sai5.--G. ESTOR 
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PLATE 9. 
(All nataral size.) 

1. Geomys arenarius ^ ad. £1 Paso, Texas. 

(No. 58339 U. S. Nat. Mas.) 

2. G. texensU ^ Masou, Texas. 

(No. 4161 Merriam collection. ) 

3. G, attwateri i ad. Rockport, Aransas County, Texas. 

(No. 51382 r. S. Nat. Mus.) 

4. Cr. Hagittalia ^ ad. Galveston Bay, Texas. 

(No. 44957 U. S. Nat. Mns.) 
5 & 7. (f. luteseens ^ ad. Cherry County, Nebraska. 

(5 = 25640 ^ yg. ad. ; 7 =25471 <f old, U. S. Nat. Mus.) 
6. G. breviceps ^ ad. Mcr Rouge, Louisiana. 

(No. 46673 IJ. S. Nat. Mus.) 

8. G. buraarius 9 ad. Knoxville, Iowa. 

(No. 2024 Merriam collection.) 

9. G, buraarius $ ad. Knoxville, Iowa. 

(No. 2625 Merriam collection.) 



North Am eriun Fauna, Ho.8. 




I.GEOKYSAREHARIUStfad 2.G.TEXEHSISo-ad 3,G ATIWATEFlf„-fld, 4 G.SAGrTTAllS.^ad. 
5&7G.LUTE5CENSM-ad 6.6. SREVICEPS.'dd. 8 Tad.9 /ad. G. BURSARIUS 
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PLATE 10. 

Under side of mandible. 

(All natural 8ize.) 

1. Geomya tu:a floridanns (Racliinan)- San Mateo, Florida. 

(No. 6511 <f Merriam collection.) 

2. O. tuza mobilvnnis np. nov. Mohile Bay, Alabama. 

(No. 46023 c? U. S. Nat. Mns.) 

3. Craiofjeomyn orcovetes sp^ nov. Mount l*opoc!ata]»etl, Mexico. 

(No. 57963 9 U. S. IS at. Mu8.) 

4. C. peregrinuB sp. nov. Mount Iztacciliuatl, Mexico. 

(No. 57964 9 U. S. Nat. Mns.) 
h. C. merriami (Thomas). Aniecameca, Mexico. 
(No. 57970 ^ U. 8. Nat. Mu».) 

6. (ieomyn bursaHus (Shaw). Knoxvllle, Iowa. 

(No. 2772 <J Merriam collection.) 

7. MacrogeomifH doUchocephahis sp. nov. San .Jose, Costa Rica. 

(No. 36295 <J U. S. Nat. Mus.) 

8. Platygeomya gymnurus Merriam. Za]>otIan, .Jalisco^ Mexico. 

(No. 45611 ^ U. S. Nat. Mus.) 



Harth Ainarican riun«,No. 




IGCOMrSTUZAFLORIDAHUS^ 2 G.MOBILCNSJS,' 3.G.0RE0CETES i 4.G.PCReeR1NU5V 
S.G.MERRIAMI^- 6G, BURSARIUS^,- 7 G.OOUCHOCEPHAUJSrf 8 G GYMNUBUS -■ 



b 
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PLATE U. 

m 

(All uatural size.) 

1. Pappoffcamya hnUeri (Tbomas). Sierra Nova<la do Collma, JaliHco, Mo^co« 

(No. 45622 i U, S. Nat. Mu8.) 

2. Macroifeomyti heiei'oduH (Fcten)^ Costa Kica, Mexico. 

(No. ^ I J, S, Nat. MiiB.) 

3. Heterogeomys costaricensia b]». no v. Pacaare, Costa Rica, 

(No. 22551, sex f, U. S. Nat. Mus.) Type. 

4. riatygeomys famosHS Merriam. Coliuia City, Mexico. 

(No. 45211 ^ U. 8. Nat. Mus.) 

5. Orthogeomys latifrona sp. uov. Guatemala. 

(No. , sex f, U. 8. Nat. Mns.) Type. 

^, O. latifrona (ander si^e of ifi^ndib]e of sai^e skii]) as 5.) 




I.GEOMYS BULLER1-' 2 . G- 
4. G. FUMOSUS d- 



lETERODUS rf- 3. G. C0STARICEN5IS 
5 &6. G.LATIFRONS 
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PLATE 12. 
(All natural size.) 

1. Cratogeomy 8 casianops (Baird). Las Animas, Colorado. (Tyx>o locality.) 

(No. 47368 ^ U. S. Nat. Mns.) 

1". Basioccipital of same specimen. 

2. Cratogeom ys fulveacens 6p. nov. Cbalchicomula, Mexico. (Type locality.) 

(No. 53498 c? n. S. Nat. Mus.) 

2*. Basioccipital of same specimen. 

3. Geomya personai us fall£uc Buhsp. nov. Corpus Christi, Texas. Type, 

(No. 43845 ^ ad. U. S. Nat. Mus.) 
3*. Left audital bulla of same skull. 

4. Geomys personatas True. Padre Island, Texas. (Type locality.) 

(No. 43294 ^ U. S. Nat. Mus.) 

4^. Left audital bulla of same skull. 



► 



IhAmarJMn Fauna, No. 8. 




I. GEOMYS CA5TAN0PS 
3. G, PERSONATUS FALLAX 



2. G. FULVESCEN5 
4 G. PERSONATUS 
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PLATE 13. 

Left zygoma, showing variations in jugal bone. 

(All natural size.) 

1. Platygeomya iylarhinus sp. nov. Patzcuaro, Mexico. 

(No. 47183 ^ U.S.Nat.Mus.) 

2. P. gymnurue Merriam. Zapotlan, Mexico. 

(No. 45611 <J U.S.Nat.Mu8.) 

3. P. planicepa sp. nov. Tula, Hidalgo, Mexico. 

(N0.559U6 i U.S.Nat. Mus.) 

4. Cratogeomys nierriami (TIiohdis). Lerma, Mexico. 

(No. 50110 i U.S.Nat. Mu».) 

5. C. perotensis sp. nov. Cofre tie Perote, Mexico. 

(No. 54295 9 U.S.Nat.Mus.) 

6. C. esior sp. nov. Las Vigas, Mexico. 

(No. 54308 i U.S.Nat.Mus.) 

7. C. estor sp. nov. Las Vigas, Mexico. 

(No. 54306 9 U. S. Nat. Mus. ) 

8. C. oreocetes sp. nov. Mount Popocatapetl, Mexico. 

(No. 57963 9 U.S.Nat.Mus.) 

9. Geomys iuza (Onl). Augusta, Georgia. 

(No. 63^2 ^ U.S.Nat.Mus.) 

10. G. iuza floridanus (Aud. and Bach.). San Mateo, Florida. 

(No. 6514 <J Merriam collection.) 

11. G. hursarins (Shaw). Knoxvillo, Iowa. 

(No. 2624 ^ Merriam collection.) 

12. G. texensis sp. nov. Mason, Texas. 

(No. 4161 ^ Merriam collection.) 

13. G, arcnarius sp. nov. El Paso, Texas. 

(No. 25015 ^ V. 8. Nat. Mus. ) 

14. G.pereonatus Trud. Pa<lre Islaud., Texas. 

(No. 43294 ^ U. S. Nat. Mus.) 

15. Pappogeomys hulleri (Tliomas). Sierra Neva<la de Col i ma, Mexico. 

(No. 45618 9 U, S. Nat. Mus.) 

16. Orthogeomytf latifrons sp. nov. Guatemala. Type, 

(No. U. 8. Nat. Mus ) 

17. Cratogeatnye castanops (Baird). Las Animas, Colorado. 

(No. 47368 3 U. S. Nat. Mus.) 

18. Macrogeomya heterodus (Peters). Costa Rica. 

(No. U. S. Nat. Mus.) 

19. Macrogeomya doUchocephalus np. nov. San Jose, Costa Rica. 

(No. 36295 <r U. S. Nat. Mus.) 

20. Heierogeomys hinpiduB (LeCoute). Jico, Vera Cruz, Mexico. 

(No. 55343 i U. S. Nat. Mus.) 

21. Heterogeomya torridus sp. nov. Guatemala. 

(No.. <J U. S. Nat. Mus.) 

22. Macrogeomys cherriei (Allen). Santa Clara, Costa Rica. 

(No. 6(U im. Costa Rica Nat. Museum. ) 

23. Afacrogeomys costariceims sp. nov. Pacuarc, Costa Rica. 

(No. 22551 im. U. S.Nat. Mus.) 

24. Zypogeomys trichopua sp. nov. Nabuatzin, Michoacan, Mexico. 

(No. 50107 S U. S. Nat. Mus.) 
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PLATE U. 

Posterior molars and palatopterygoids. 

(All double iiatnral size.) 

1* ^yffogeomys trichopuB sp. uov. Nalmutziu, Michoacan. Mexico. 
(No. 50107 i IT. S. Nat. Mns. ) 

2. GeoMifH bnr8ai'iM8 (Shaw). Knoxville, Iowa. 

(No. 2624 (J Morriaui collection.) 

3. Macrotjeomys heterodits (^eUiTi), Costa Rica. 

(No. 1 J. S. Nat. Mils.) 

4. Geomys personatiiH True. Padre Island, Texas. 

(No. 43294 ^ U. S. Nat. Mus. ) 

5. GeomyH pvrsonatuH fallax subsp. uov. Corpus Christi, Texas. 

(No. 43292 9 U. S. Nat. Mus.) 

6. Craiogeomys cantanopH (Uaird). Las Auiuias, Colorado. 

(No. 47368 i U. 8. Nat. Mus. ; 

7. Craiogeomys mcrriami (Thomas). Lenua, Mexico. 

(No. 50110 <J U. S. N.at. Mus.) 

8. Platygeomys fumo8U8 Merriam. Coliuia, Mexico. 

(No. 45213 J U. S. Nat. Mus. ) 

9. Platygeomy8 planicepn Hp. nov. Volcan Toluca, Mexico. 

(No. 55906 i U. S. Nat. Mus. ) 

10. Macrogeomy8 co^taricnmiH sp. nov. Costa Rica. Type, 

(No. 22551 U. S. Nat. Mus.) 

11. Pappogeomy8 buUeri (Tbo!na.s). Sierra Nevada do Colima, Jalisco, Mexico. 

(No. 45618 9 U. S. Nat. Mus.) 

12. Heterogeomy 8 hiHjndtts (IjeConte). .Tico, Vera Cruz, Mexico. 

(No. 55017 9 U. S. Nat. Mus. ) 

13. Geomys tcxensis sp. nov. Mason, Texas. 

(No. 41(58 9 Meniam Collection.) 

14. Geomy8 lutescens Merriam. Woodward, Oklahoma. 

(No. 48566 c^ U. S. Nat. Mus.) 

15. Geomys tuza mohilensis sp. nov. Mobile Bay, Alabama. 

(No. 46025 <J U. S. Nat. Mus. ) 

16. Geomys tmafloridanus (And. and Bach.). San Mateo, Florida. 

(No. 6511 (J Merriam Collecticm. ) 



^ 
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I. Geomys trichopus nob. 

Z. BUHSAR[U5 ( Shaw) 

3. HETERODus Petefs 

4. PER50NATUS True 

5. PER50NATU5 FALLAX HOb. 

6 CA5TAN0P5 Baird 

7. MERHiAMi Thomas 

a FUM05U5 Merrtam 



. PLANiCEPS nob. 

C05TAHICEN515 HDb. 

BULLERi Thomas 
HI5PIDU5 LeConte 
TEXENsis nob 
LiiTEsCENS Merriam 
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PLATE 15. 
(All natural Kize.) 

1. Macrogeomya cherriei (Allen). Santa Clara, Costa Rica. 

(No. (564 ini MuHeo Nacional do CoHta Rica). Type. 

2. Hetcrogeomys torridus 8p. nov. Chichicaxtlo, Vera Craz, Mexico. 

(No. 63629 9 ad. V. S. Nat. Miih.). Type. 

3. Occiput of MacrogeomyH dolichocephalua Hp. nov. Sau Jose, Costa RicAi 

( No. 36295 J ad. V. S. Nat. Mu».). Type. 

4. Occiput of HeteroijeomyH hhjndus (LeCoute). .Firo, Vera Cruz, Mexico. 

(No. 55343 i ad. V. S. Nat Mus.) 

5. Occiputof Pajfpogeomyn hulleri (Thomas). Sierra Nevadade Coli ma, Jalisco, Mex- 

ico. (No. 45618 9 yg. ad. U. S. Nat. Mus.) 

6. Occiputof Cratogeomys merriami (Thomas). Lenna, Mexico. 

(No. 50110 ^ ad. U. S. Nat. Mus.) 

7. Occiput of Platygcomyn gymnurun Murriam. Zapotlan, .Jalisco, Mexico. 

(No. 45611 ^ ad. V. Nat. Mus.) 

8. Upper incisors of Macrogcomys doUchocephalwf. 

9. Upper incisors of CratogeomyH merriami. 

10. Upper incisors of Zygogeomys trickopus. 

11. Upper incisors of (ieomys bursariua. 

12. Upper incisors of Geomya tuza. 
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<j»>4ife^ 




I.GEOMYS CHERRIEI 2 G. TORRIDUS 3&8, G. D0LICH0CEPHALU5 

4.G.HI5PIDUS S.G-BULLERI 6&9. G. MtRRIAMl 7G. GYMNURUS 
10. G, TRICH0PU5 II G. BURSARIUS 12. G. TUZA. 
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PLATE 16. 

1 and 2. Heicrogeomys torridus jiiv. Motzorongo, Mexico (No. 63643 IT. S. National 

Museum). 
Molarifnrni teeth, showing deciduous premolars in situ; also unworn m 3, and 
immature pattern of crowns in ni 1 and 2. 

1. Left upper scries. 

2. Left lower scries. 

Ix. Permanent upper premolar, uncovered to show unworn enamel 

crown. 
a, P«>ruuinent premolar not yet in place; bf deciduons premolar; r, 
third upper molar; r/, third lower molar. 
3, 4, and 9. Geomyti burs<inHit,\uy, Elk River, Minn. (No. 4909 Merriam coll.) 

Molarit'orm t<Hith, showing deciduous premolars in situ; also unworn m 3, and 
immature pattern of crowns in m 1 and 2. 

3. Left upper series. 

4. Left lower series. 

4x. Transverse section of m> alxmt three-fourths down, showing that 
the tooth is a siugle prism below, and that the enamel is confined 
to it« posterior horder. 

9. Left lower series fnmi outer side, showing relations of permanent and 

deciduous premolar, hilophiodont crown of m.i, and forms of mi 
and m.2 (which show the manner in which the change occurs from 
the double prism above to the single prism below). 

a, Permanent premolar not yet in place; b, deciduous premolar; c, 

third upper molar; d, tliird lower molar. 
r>, 6, and 7. Heterotjeomys torridus juv. (same specimen as in fig. 1). 

Right upper ])remolar, showing unworn enamel cap and relations of enamel 
and cement. The cement bands are shaded. 
rt. Outer side of tooth. 

6. Inner side. 

7. Posterior face. 

(tf Outer cement band of anterior prism; &, postero-extemal cement 
band of posterior prism; c, inner cement band of posterior prism; 
d. inner cement band of anterior prism; e, lower end of enamel, 
showing position of enamel organ. 
8. MacrogeofHys hcterodus ad. 

Right upper premohir, showing relation of cement bands (unshaded) to enamel 

(shaded) in mature tooth after the enamel cap [shown in figs. 5, 

(1, and 7] has worn oil'. 

10 and 11. ZygoffeotnyH irichopns jiuv. Nahuatzin, Mexico (No. 50101 U. S.Nat. Mus.). 

Crowns of moiariform series showing permanent enamel pattern and 'osteo- 

dentine' islands. 

10. Left upper series. 

11. Left lower series. 

12 and 13. Heteroycomys hinpidus ad. Motzorongo, Mexico. 

Right upper premolar, aft<ir the enamel cap of th«^ young t^oth hiis worn off, 
showing permanent enamel pattern. 

12. Outer side of the tooth (shouhl be compared with .5, which shows same 
side of same tooth before the wearing down of the enamel cap begins). 

13. Crown of same tooth. 

o. Outer cement band of anterior prism. 

b, Postero-extemal cement band of j)osterior prism. 
Shaded bands show the enamel. 

14-17. Cratogeomys ca8tanop8 juv. Las Animas, Colorado. 

14 and 15. A very young individual, but older than Nos. 1 and 4. The 
deciduous premolars have been shed, but the enamel caps of the 

Eermanent premolars (a) and the last true molars (m^c and m^d) 
ave not yet worn down far enough to show the enamel pattern of 
the adult tooth (which may be seen in figs. 16 and 17). The crown 
of the last lower molar (d) is still a double prism. 
16 and 17. Another immature individual of the same species, but enongh 
older than 14 and 15 to show the permanent form and enamel pat- 
tern of the adult teeth. 
18 and 19. Geomys bursarinn im. Elk River, Minnesot>Ji. 

Crowns of moiariform series showing pernuiuent enamel pattern. 

18. Left upper series. 

19. Left lower series. 

20 and 21. Macrogeomyn chetTiei im. Santa Clara, Costa Rica. Type, 

Crowns of moiariform series showing permanent enamel pattern. 

20. Left upper series. 

21. Left lower series. 




I.Z.5.6,7,IZ&I3 HeteroGEOMYS HISWDUS 3,4-.9.188il9. GEOMYS BURSAHIU5 

8. HETEROGEOMYS HETERODUS lO&ll. ZYGOGtOMYS TRICHOPUS 

l4.l5.l6&l7CnAT0GE0MY5 CASTANOPS 20& ^I.Heterogeonvs cherrie:! 



NORTH AMERICAN FAUNA. 



PLATK 17. 

(All iiRturalitize.) 

Skulls seen from above: vauU of crmiiuni cut away, Rbowing door of 
brain case. 

1. Httrrogtomga larridui. MotKornugo, Vera Cruz, Hniico 

2. Zj/gogftimga Irichepm, Mahuatzin, Hichi)ac?an, Mirxico. 

3. g — j i t«wri>». I'orUand, Nortli Dakota. 

i. Plati/geomgii gaiuHarmt. Za^tbn, JaUMo, Mextcu. 
5. Cralogromys merriamt. Amecaiiiscn, Valley-of Hbkmbu 




Fta. 9.— TmiDg akull nf Cralogtomsi 
ax Aiilflrlor nfH'iiiiig bt aUapliBnuld 
ai AlispboDoid bone. 

to BlUilKDipltBl. 

ftl ItoiliipheDaid. 

r Condyle of ei<ic«ipll*1. 

er CrlbrlfonnpUlaorrtlimold. 

m Eiterual audilur; 

tx EioccipiUl. 

J/ riwcuUr fuMa. 

/T FronWI. 

fro UeiCDDdiDR or orliitul plate of rronli 

an&ni^l ia bo j-aiing tbatthpplaleitol 

IwDxidea ba< 



Ngrth Amencan Fauna. No. 




I. Heterogeomys torridus sp.nov. 2.ZYG0GEOMTS TRicHOPus sp, nov. 

3. Geomys BURSARIU5 (Stiaw) 4. Platygeomys gymnurus (Merriam) 

5 Cbatogeomvs MERHiAMr (Thomas) 



MORTII AMERICAN FAUNA. 



Vertical luediaii loiigitadiiial section of skull (mesetbinoid and rij^lit 
half of vomer in jtlace). 

1. {leomgi bHrmrlim J . Kuoxvillc, Iowa. 

2. Zggogeomgii lrieho}iH» 9 . NiiliiintKiu, Micboacaii. Mexico. 

3. Hrtfrogcomgi torridaA i . yg. iii). Miit«)ro:i|;o. Vera Cruz, Mexico 

4. f-riiUi'ieomiin iN«rriirmi i . Tliili>iim, \'a11<;.v of Mi'xii'o. 

5. I'lulgycumgi gymnHriit i. Zupotluii, J utUcii, Mexico. 

Key to pi. 18. 







NurUi Amsrican FaUna.No.S. 




I.GEOMYSBURSftRlUB 2. ZYGOGEOMYS TRICHOPUS 3.HETERDGE0MYS TORfllDUS 
4. CBATOGEOPiYS MERRIAMI 5. PLATYGEOMYS GYMNURUS 



NORTH AHEBICAN FAUNA. 



{All iiatimils 



a-) 



1. Orthogeongi malopii 9 ad. Oia»cft, Mexico (efcuU f^m abovd). 

2. (h-lhogfomi/i tcalopa ? ad. Same specimen (liuseof CTanium). 

3-7. Meiliau loDgitndinal section of nasal cbaniber(vomer :ind meHettuuoid temoTed) 
showing turbinated l)nneB. 

3. Oeomyn biir»ariu» $ . Knoxville, Iowa. 

4. Zsgogeom^i Irichopuo 9 . Nabiiatxiu, Mivboaiiiin, .Mosico. 
&. Httfrogeomi/i lorridui J . Motzorongo, Mexii'o. 

6. Cntlogeomgi mrrrinmi g. TIalpum, Valivy »f Muxivo. 

7. PlatiigtongK gumuuraa i. Zapotlao, JaliHco. Mi-xii^o.' 

Key topi. 19. 




pari ol akuJIoF Gtom^t hmariia. HflMth. 



Fretpheooid feDOfllriini. PnAenl in all ftpcciPr 
Upper put or iphenoidal dmiiirQ. 



E Mn^ill'MiirlilTin]. 

3 llaiillu Ithi! uppi;r i>oi 



BrmiT nagv of iix ptaiiii 



Ih American Fauna, No.S- 




l.&Z OrthOGEOMYSSCALOPS ?3. 6E0KVS BUBSABIUS 4. ZYGOGEOMTS TRICHOPUS 
5-HETER0GE0MY5 TORRIDUS 6 CRATOGEOMTS MERRIAMI 
7. PLATYGEOMYS GYMNURUS 



NoBTH Anuudak Fimrk, No. 




MAP 1. -A DI8TEIBDTI0N OF QENUB THOMOMYB. 

Ji DI8TBIBITT10N OF GENUS 0B0MY8 (B = 0. 
fustgronp.) 
MAP 2. -DISTRIBUTION OF OENUH CRATO(iBOUY&. 



